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C H A P T E R I 
INTRODUCTION 
Alkyl orthoformates, Н-С(0Р^з, and orthoforma-
te derivatives, H-CCORÎjX» in which X is a carboxy-
late residue are well-known starting compounds and 
intermediates in many syntheses1"5. During the last 
five years several aspects of their chemistry have 
also been investigated in the Organic Laboratory of 
the University of Nijmegen6"8. 
Alkenyl orthoformates, Η-C (DCR^CHR2 ) 3 , how­
ever, have been studied only incidentally until now. 
Matsoyan et. al. 9 investigated their polymerization 
in the case R1 and R2 are H, and recently Stetter 
and Reske 1 0 described the ozonolysis of isopropenyl 
orthoformate, Η-C(0ССНз=СН2)3, which leads to tri-
acetoxy methane, H-C(OCOCH3)3. 
For alkenyl acetáis, R2-CH(OCR1=CH2)2 » the 
same appears to be true. Although several vinyl ace-
táis (R^H) are known, only investigations concer-
ning their polymerization have been published 11 ~ 1 **. 
Our knowledge about both types of alkenyloxy 
compounds contrasts with that about alkenyl ethers, 
RO-CR^CHR2; especially vinyl ethers (R1=R2=H) have 
been the subject of many rather fundamental inves-
tigations15"20. 
A priori, it might be expected that the reac-
tivity of alkenyl orthoformates and alkenyl acetáis, 
(and also of mixed orthoformates like Η-C(OR)20CH=CH2) 
will be related to that of alkenyl ethers as 
2 
well as to that of orthoformates and acetáis. 
Alkenyl ethers possesses an activated double 
bond. They easily add acids, and in the presence of 
an acid as catalyst also other compounds15"18. 
Orthoformates easily undergo substitution via 
a stable dialkoxymethy1 carboxonium ion, 
RO^CI-H^OR, '»#5,21-23
 o r v¿a a n alkoxyalkyl carboxo-
nium ion,2"*"25 RGii;iiCHR', respectively. 
We became interested in the chemistry of alke-
nyl orthoformates during an investigation on the 
mechanism of acetal formation from aldehydes or ke-
tones and orthoformates26 (chapter II]. Participa-
tion of a possible intermediate, H-C(OR)2-OC(OR)R1R2 
(la), could be excluded because it appeared that the 
formation of acetáis from la in the presence of a 
catalytic amount of an acid proceeds much more slow-
ly than the decomposition of la into the starting 
compounds of the acetalisation, vis. orthoformate 
(IIa) and carbonyl compound (IIIMeqn. 1). 
OR χ
 u
· OR 
I I H I 
H-C-O-C-R2 »• H-C-X + RÏ-CO-R2 (1) 
OR R1 OR 
I (la, X=OR) II (IIa, X=0R) III 
We realized that this decomposition (1) might 
be used for the preparation of new compounds II, if 
a useful method for the preparation of compounds I 
could be found. A procedure used in the preparation 
of mixed orthoformates (eqn. 2) seemed not to be apt 
3 
because the availability of α-substituted alcohols 
(V) is restricted. 
OR 
I 
H-C-OCOCH3 
I 
OR 
X 
HO-C-R2 
OR 
I N(C2H5)3> H.¿.0.¿-R2 
ι ι . 
OR Rl 
СНэСОО 
C2) 
(Ο,Η 2"5J3 NH 
IV 
However, the addition of HX to the double bond of 
an alkenyl dialkyl orthoformate (VI) seemed to be 
more promising (eqn. 3). 
OR 
H-C-OCR^CHR2 HX 
OR 
OR X 
I I 
H-C-0-C-CH2R2 
OR R1 
(3) 
VI 
In chapter III, orientating experiments direc­
ted to synthetic applications of the equations (1) 
and (3] are described27. Although many compounds VI 
could be synthesized, their reactions with acids (HX) 
in general did not yield the expected products II, 
because these are often unstable when X is an acid 
residue with nucleophilic properties 2 2 , 2 3 [e.g. CI, 
Br etc.). Due to their carboxonium ion character 
β 
(Η—С'^(ОР)¿К ), they decompose according to eqn.(4), 
unless the α-carbon atom in the alkoxy residue is 
very insensitive to nucleophilic reagents28. 
OR 
ι 
H-C-X 
I 
OR 
H-CO-OR • RX (4) 
II 
4 
When the carboxonium character is less pronounced 
or the substituent X has lower nucleophilicity [e.g. 
X=carboxylate) compounds II are more stable. In the 
aliphatic series such compounds can, however, be ob-
tained much more simply3'29 than from VI via the 
equations (3) and (1). The corresponding aromatic 
compounds, H-C(CIAr) 2X» a r e also stable, even with 
X=C130. A similar increase in stability could be ex-
pected when the R groups in II were vinyl31 or sub-
stituted vinyl residues. Reactions of such compounds 
with several carboxylic acids have been described in 
this chapter. 
In chapter IV the reactivity of orthoesters 
with three alkenyloxy residues, R3-C(OCR1=CHR2)3, 
towards (carboxylic) acids is described32'33. These 
reactions are interesting because the primary sub-
stitution products, R3-C(0CR1=CHR2)2X' can react 
with a second equivalent of the acid. This second 
step always leads to fragmentation instead of fur-
ther substitution, and the fragmentation pattern 
varies quantitatively, and sometimes even qualita-
tively, with variations of R1, R2, R3 and the acid 
used. As will be explained in this chapter a trioxe-
nium ion (VII) seems to be an intermediate in these 
fragmentations. 
n / c - 0 ' \ 
' 1 
VII 
5 
Chapter V contains a short note on a useful 
application of isopropenyl formate31*'35, 
Н-С0-0ССНз=СН2» which is one of the new products 
described in chapter IV. 
Chapter VI is devoted to a study of the reac­
tivity of alkenyl acetáis36, R2-CH(OCR1 =CH2 )
 г
 , si­
milar to that given in chapter IV, for the related 
alkenyl orthoesters. 
In chapter VII preliminary results are given 
about the reactions of some methylene trioxane deri­
vatives with acetic and formic acid or methyl alco­
hol. In this type of reactions a trioxenium ion (VII) 
is an intermediate. 
The contents of all chapters, except of chapter 
VII, have already been published in five papers 2 6' 2 7' 
33 »З1* ,361 which have been collected in this thesis. 
Of many classes of compounds described in these pa­
pers many more representatives have been prepared 
than mentioned in the text. Therefore in chapter VIII 
a complete survey is given of physical constants of 
all alkenyl orthoesters and alkenyl acetáis and of 
their reaction products with carboxylic acids, which 
were prepared during this investigation. In this chap-
ter also a collection of general preperative procedu-
res for all types of compounds is given. 
6 
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C H A P T E R I I 
The Mechanism of Acetal Formation by Aldehydes or Ketones with 
Orthoformates* 
Ну J. W. SCHEEREN, J E W VAN MI LICK, and It. J. F. NIVARD 
[Department o/ Orgamc Chemistry. R С University, Nijmegen, The Netherlands) 
Summary 
The formation of acetáis from aldehydes and or-
thoformates does not proceed via an intermediate ad-
dition product; an alternative for the function of 
the orthoformate is given. 
Although the use of an orthoformate in the syn-
thesis of acetáis1 is now general2, especially in 
the acetalisation of ketones, its function has not 
been fully explained. The orthoformate might parti-
cipate in a reaction2"1* according to 
н
в 
H-CtOR3)3 • F^-CO-R2 »· Н-С(0Н 3) 2-0С(0Р
3)Я^ 2 
Η
· , , .
 Ι С 1 ) 
I *- R 1R 2C(QR 3)2 • H-CQ-OR 3 
However, the strong acceleration of the reaction 
by addition of alcohol has been ascribed to an irre­
versible water-binding role of orthoformate2: 
Φ 
R ^ C Q - R 2 • 2R 30H — »· R l R 2 C ( Q R 3 ) 2 «· H2O 
и*
 t 2 ) 
H-CCOR3)3 • H 20
 n
 > 2R 3DH • H-CO-OR3 
* Original text from Chem. Comm. 1969, 1175. 
9 
While investigating the synthesis and stabili­
ty of mixed orthoformates6 we were able to synthe­
size compounds like I (R1=H, R 2 = H or Me, R 3 = rie or 
Et) from dialkoxymethyl acetate7 (III) and hemiace-
tals (II), using an excess of triethylamine to pre­
vent acid-catalysed decomposition of I. 
Н - С ( С № 3 ) 2 0 С 0 С Н э · R 1 R 2 C ( 0 R 3 ) 0 H »• H - C ( O R 3 ) 2 - 0 C ( 0 R 3 ) R 1 « 2 • CHjCQOH ( 3 ) 
in ii ι 
Since the hemiacetal of acetaldehyde is in rapid e-
quilibrium with alcohol and aldehyde, the main pro­
duct in that case was trialkyl orthoformate formed 
from III and the alcohol6. Compound I with R -H, 
Р
2
=Ме, R 3 = lYle or Et could only be obtained in 15-20% 
yields; for R1=R2=H, R3=Et, however, the yield was 
about 50%. 
OEt OEt 
• CH-C-0-C-OEt 
1
 ι ι 
H H 
• HClOEt), 
" CHjCHlOEt), 
300 mm 
FIGURE. Decomposition of (I; R^Me, R2 = H, R 3 = Et) with 
time, under the influence of F3CCQOH. 
10 
The decomposition of I was studied by NMR spec­
troscopy. After addition of a drop of trifluoroace-
tic acid to 1 ml. of the pure compound the NMR spec­
trum of the reaction mixture was traced at regular 
time intervals. The concentrations of I and alkyl 
orthoformate were measured by integration of the 
Н-С(-0-)з proton absorptions and that of the acetal 
by integrating the α-proton quartet. 
In the Figure the concentrations of I (R1=Me, 
R2=H, R 3=Et), ethyl orthoformate and acetaldehyde 
diethyl acetal are plotted against time. The concen­
tration of acetaldehyde has not been given because 
it was practically the same as that of ethyl ortho­
formate during the whole course of the reaction. 
The data reveal that formation of acetal must be 
preceded by decomposition of I into orthoformate and 
aldehyde. The velocity of acetal formation appears 
to depend not on the concentration of I but on the 
concentration of orthoformate and acetaldehyde; it 
reaches a maximum value when decomposition of I is 
nearly complete (after Θ0 min.К and concentrations 
of ethyl orthoformate and acetaldehyde are at their 
maximum. To reveal more accurately the course in 
the first stage of the react i on,measurements were 
repeated at very low acid concentration. Decomposi­
tion of I is then strongly slowed down (32% in 2 hours) 
It appeared that the presence of acetal could not be 
detected until 1G minutes after zero time. At that 
time 6% of compound I had already decomposed and ap­
peared to be present as orthoformate and acetaldehy­
de. In compounds I with R^H, R2 = R3 = Me and R 1=R 2 = H, 
R3=Et acid-catalysed decomposition and acetalisation 
11 
appear to be much slower (5% decomposition in 30 min, 
and 10% in 24 hr., respectively) but similar curves 
were obtained. In all cases addition of R30H accele­
rates both decomposition and acetal formation of the 
same degree. 
The results are in agreement with the following 
decomposition scheme: 
• β 
H - C f O R ^ ^ O C f O R ^ R ' R 2
 4 *
H
 > [ R 3 0 — C H — O R 3 ] • R ^ C C O R 3 )0H ( 4 ) 
R'R2CrOR3 ÌOH ^ > R' -CO-R 2 • R3QH (5 ) 
φ
 β 
[ R 3 o i i i C H = O R 3 ] • R30H , > H-C(QR 3 )3 • Η ( 6 ) 
Acetal formation will arise in the same way as in 
the absence of orthoformate but the water formed 
will be removed by the dialkoxymethy1 carboxonium 
ion : 
[R 3D—CH—CR 3] • H2G »· H-C(0R
3)2DH » R30H * h-CD-DR3 '7) 
The alternative, direct interaction of II with the 
carboxonium ion as suggested by HacKenzie5: 
[R 3 Q—CH—OR 3 ] * R ^ c t D R S j O H » • [ R 1 R 2 C — O R 3 ] • H - C I O R ^ j C H (β) 
eta., seems less probable. The transition state for 
this reaction will resemble I in one of its protona-
ted forms: 
H-C(QR 3) 2-0-C(OR
3)R 1R 2 
Η 
12 
and thus acetal formation should be faster at first 
when I is at a maximum. 
The scheme (reactions 4-7) has been corrobora­
ted by the fact that compounds like I from which re­
latively stable hemiacetals result decompose very 
slow at room temperature, e.g. H-C(0Et)2"0CH20Et. 
H-C(0Et)2-0-CH(0Et)CCl3 does not decompose at 
all at room temperature; at 100 chloral and ortho-
formate are formed but of course not acetal8. In a-
greement with the stability of cyanohydrins, com­
pounds like H-C(DR3)2-0C(CN)R1R2 with R^Me, R2 = H 
or Me, R3=Me or Et show only disproportionation6 
but no decomposition upon addition of acid at room 
temperature; at 100 a carbonyl compound (R^CO-R 2) 
and dialkoxymethyl cyanide are formed. 
We are studying whether compounds 
H-C(0R3)20C(X)R1R2, in which X represents other lea­
ving groups, also decompose according to 
H-CtOR'^OCmR 1" 2 *• H-C(OR3)2X * R'-CO-R2 
Preliminary experiments with Х=0С0СНз revealed 
that in this case decomposition according to 
H-C(DR 3 )2QC(0C0CH3)R 1 R 2 *• R ^ C t O R 3 ЮСОСНэ »H-CO-OR 3 
could not be excluded. 
(Received, June 11th, 1969; Com. 834) 
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VINYL ORTHOFORMATES AND VINYL ACETALS. PART I 
Synthesis of divinyloxv methyl and diaryloxymethy] halides and 
carboxy lates 
BY 
J. W S C H E E R F N . J E W. VAN MELICK. and R J. F NIVARD 
Dep.utment ot Οιμ.ιηις С hemistrv. Roman С .itholic University. Nijmegen. 
I he Netherl.mcls 
Diiiivlimmctlnl h.ilides .md divinvloxymethyl halides foimales. tnchloro-
.iLel.iles monDLhloio.iLCI.iles and .ILCMICS have been synthesized from corre­
sponding vin\l oitholoi males 
In a previous paper' the mechanism of the acid-catalyzed decomposi­
tion of compounds R'R-CXOCHiOR'b (I) according to 
X OR' О OR' 
II II I 
R ' — C — O — C — O R ' » R'—C—R 2 + X — C — O R 3 (I) 
I I I 
R2 Η Η 
I II III 
has been discussed for X = OR or CN. The decomposition proceeds via 
R'R-ClOHlX (IV) as an mteimediate and is faster as the intermediate 
has lower stability 
1 his decomposition might be used foi the synthesis of reactive com­
pounds 111 with X = halogen or acyloxy. provided a suitable preparative 
method for the appropriate derivative (I) be available. For this purpose 
we decided to investigate reactions of orthoformates. containing one or 
more vinyl residues HC(OR)_,OCH=CH., (V). with hydrogen chloride. 
hydrogen bromide, or carboxylic acids. 
Dimethoxy-vinyloxymethane H C ( O C H | ) , O C H = C H 2 could be 
obtained by exchange of an alkoxy group- ' from methyl orthoformate 
and /3-chlorocthanol. 
ΓπνιπνΙ ortholoimale and linsopiopenyl ortholotmate have recently also been pie-
paiedbytf S / e m / a n d t Reske С hem Bei 103 649(1970) 
1
 J W Siheeren.J E W urn MeluL and R J I Nuiird.Chem Comm 1175(1969) 
-' H W Postdndh R Eiiikum J Am Chem Soc 55, ISSI (1911) 
1
 R M Roheit·,,! 1) HifmensJr. and Ρ R No\e\.i Am Chem Soc 77,1801 (1955) 
15 J W Siheeren JEW V an Mehikand R J I Vivant 
HCtOCHO.+ HOCH.CH.Cl?^ ноосн.ьосн.сн.сі + сн.он 
(2) 
followed by dehydrohalogcnalion with /eri-buloxide. 
HC(OCH i ),OCH,CH,CI + / · BuO- -»> Н С ( О С Н 1 Ь О С Н = С Н , 
+ /^7-BuOH + C|-(3) 
1 he latter reaction was performed by dropping the /3-chloroethyl 
orthoformate into a suspension of sodium hydride in 1,2-dimethoxy-
ethane to which some /i'/7-butyl alcohol had been added. During the 
reaction the eliminating agent, /m-butoxidc, is continuously re-formed. 
Dimethyl sulfoxide could be used as the solvent instead of 1,2 dimethoxy-
ethane. but in that case the product was contaminated with an unpleas­
antly smelling impurity. 
The synthesis of the corresponding ethyl compound, HCiOCjH-Jj-
OCHjCbLCI, via reaction (2) failed because of serious disproportiona-
tion. The compound could be obtained, however, fiom diethoxymethyl 
acetate4. НС(ОС\Н-,ЬОСОСН,. and /3-chloroethanol in the presence of 
an excess of tnethylamine. 
The reactivity of vinyl orthoformates (V) towards acids was followed 
by NMR measurements on reaction mixtuies of H C ( O C H ) ) J O C H ^ C H 2 
or HC(OC.,H- )).,OCH=CH J and formic acid. They revealed that 
dialkoxymethyl formates (III. X = HCOO) and acetaldehyde (II, 
R2 = H) were formed. 
It is not yet clear whether the products arise ivVi an intermediate 
addition product I, R1 = CH,. RJ = H (reaction 4). which decomposes in 
an acid medium (reaction I ). or by simple acid-catalysed substitution. 
H C ( O R h O C H = C H , + H X - ^ H G O R b O C H X C H , (4) 
The fact that even a weak electrophile like bromine converts 
H C ( O C H 1 ) J O C H = C H . J nearly quantitatively into bmmoacetaldehyde 
and the decomposition products of HC(OCH,)_,Br. methyl formate, and 
methyl bromide, in this case seems to be more consistent with the former 
possibility. The exact mechanism is under further investigation, together 
with that of analogous reactions with vinyl acetáis. 
The preparation of dialkoxymethyl cai boxy lates or halides by the 
reactions mentioned is complicated by dispiopoitionation'1 of the vinyl 
orthoformate (V) in the presence of acids according to: 
H C ( O R b O C H = C H , Î = ^ HC(OR) )- i-HCOR(OCH=CH,)2 (5) 
1
 J W Ac/irmvund W Stevens, Ret I rav Chim 88,897(1969) 
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and by a reaction between the products: 
HQORhX + CI-hCHO ->· СНзСН((Ж)Х+ HCOOR (6) 
Compounds HC(OR)2X (R = alkyl, X = acetate or formate), therefore, 
can be synthesized more effectively by a procedure previously described5. 
Because aryl orthoformates disproportionate much more slowly than 
alkyl orthoformates, and diaryloxymethyl halides are more stable than 
their alkoxy analogues6, several diaryloxymethyl halides could be 
obtained from the corresponding diaryloxy-vinyloxymethanes, 
HC(OAr)2OCH=CH2 (VI), and hydrogen chloride or hydrogen 
bromide. 
The method appeared to be especially useful for the synthesis of 
compounds such as HC(OCH=CH2)2X ( П) and HC(OCCH 1= 
CH2)2X, (VIII), which have not been described before. Because reaction 
(6) is very slow with acetone instead of acetaldehyde7, the yields of the 
latter compounds (VIII) are generally higher (Table III). 
Divinyloxymethyl halides are interesting compounds for the synthesis 
of tetravinyloxyethenes. Diaryloxymethyl halides give high, dialkoxy-
methyl halides low yields of "ethenes" on treatment with a stiong base. 
The reactivity of divinyloxymethyl halides towards bases lies between 
those of the corresponding aryloxy and alkoxy compounds. These results 
will be discussed moie fully in a subsequent paper, together with the 
possible occurrence of carbenes as intermediates. 
Experimental (with the technical assistance of Mrs. F. Janssen). 
1 1 ß-chloroethyl orthoformates and2-cMoro-l-methylethyl orthoformates (Table I) 
Ethyl or methyl orthoformate was mixed with a proper alcohol* in the ratio required for 
the exchange of one, two, or three alkoxy groups Some drops of tnfluoro-acetic acid were 
added, and ethanol or methanol was removed at 15 mm or 5 cm pressure, depending on the 
boiling points of the components used After enough alcohol had been collected (4-8 h), 
the /3-chloroethyl orthoformates were distilled at reduced pressure aftei neutralisation of 
the mixture with sodium methoxide 
1 2 ß-chloroethyi diethyl orthoformate (Ί able I) 
20 g (0 25 mole) of /3-chloroethanol dissolved m 7 5 ml of pentane was added to a mixture 
of 40 5 g (0 25 mole) of diethoxymethyl acetate5 and 34 g (0 35 mole) of tnethylamine 
After standing for 30 minutes, the solution was washed with water four times, dried on 
sodium sulfate, and distilled 
* Pure l-chloro-2-propanol was obtained from a sample containing 25% of 2-chloro-1 -
propano! (Fluka AG , Chemische Fabrik, Buchs SG) by distillation with a Nester 
Faust spinning band column 
5
 J W Scheeren and W Stevens. Ree Trav Chim 88, 195(1969) 
β
 J W 5c/if E-ren. Tetrahedron Letters, 54. 5613(1968) 
7
 J W Scheeren and И J F Nward.Rec Trav Chim 90,000(1971) 
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Table I 
/3-chloroethyl orthoformates, HC(OR) 2 OCHR'CH 2 Cl 
R 
methyl 
ethyl 
phenyl 
p-chlorophenyl 
p-tolyl 
0-chloroethyl* 
2-chloro-l-methylethyl** 
R' 
H 
H 
H 
H 
H 
H 
CH 3 
Bp 
69°/14 mm 
85°/Π mm 
18571 3 mm 
not isolated 
19071 3 mm 
125-12770 9 mm 
10770 6 mm 
Vo 
1 4230 
1 4204 
1 5525 
1 5425 
1 4685 
1 4622 
Yield 
45% 
80% 
60% 
50% 
80% 
86% 
Method 
1 I 
1 2 
I 3 
1 3 
1 3 
1 1 
1 1 
* Lit Bp 163-165711 m m 9 
** Lit Bp 105-10770 5 m m 9 
1 3 Arylß-Moroethylorthoformates (Table I) 
Tn-/3-chloroethyl orthoformate was mixed with 2 equivalents of a phenol The mixture 
was boiled at reduced pressure (15 mm) and /3-chloroethanol was distilled off (Vigreux 
^column 100x15 mm) until about 1 equivalent had been removed (24-48 h) From 
the relative residues, diphenyl and di-p-tolyl /3-chloroethyl orthoformate were isolated by 
distillation Because of the high boiling point of the corresponding ρ chlorophenyl com­
pound the p-chlorophenyl orthoformates HC(OCH 2CH 2Cl) 2OC 6H. 1CI and HC(OCH 2-
CH 2Cl)(OC 6H 4Cl) 2 were not separated and used as a mixture m the reaction with NaH 
The resultant vinyl orthoformates boil at a much lower temperature and can easily be 
separated 
2 I Vinyl orthoformates (Table Hi 
To a suspension of NaH in 1,2-dimethoxyethane (100 ml per mole of NaH) 20 g of 
/írí-butyl alcohol per 100 ml of solvent was added The /3-chloroethyl orthoformate was 
added dropwise and the reaction system was then refluxed for about 2 h until the 
evolutiou of hydrogen had stopped In all the experiments NaH was used in about 10% 
excess After reaction the 1,2-dimethoxy-ethane was removed at 15 mm pressure then 
water and ether were added carefully, and the ether solution was washed several times with 
water, dried, and distilled 
Di-p-chlorophenyl vinyl orthoformate was prepared from the mixture of p-chlorophenyl 
orthoformates described under 1 3 This procedure can also be used with the other aryl 
/3-chloroethyl orthoformates In these cases also aryldivinyl orthoformates were isolated 
HC(OC6H5)(OCH=CH2)2 Bp 112713 mm, V I 5043 
HC(OC6H4—CH.,—p)(OCH=CH2)2 Bp 8270 7 mm, V 0 1 ™28 
HQOCjH,—CI—p)(OCH=CH 2) 2 Bp 9470 7 mm. n0m 1 5165 
The NMR spectra in СС^б^С^СЖ).,] showed 6 00,5 90, and 6 35 ppm, respectively 
3 I Divmyloxy- anddiar\lox\meth\l halides 
The chlorides were prepared by adding a 4 N HCl solution in ether (in 10% excess) to the 
proper vinyl orthoformates at room temperature After standing for 15 minutes, the ether 
was removed at reduced pressure and the compounds were distilled 
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Table II 
Vinyl orthoformates, H C ( O R b O C R ' = C H 2 
R 
methvl 
ethyl 
phenyl 
/»-chlorophenyl 
p-tolyl 
v iny l* 
1 -methylv inyl** 
R' 
H 
H 
H 
H 
H 
H 
C H , 
« D M 
1 4011 
1 4027 
1 5430 
1 5642 
1.5429 
1 4313 
1 43« 1 
Bp 
119° 
42°/M mm 
13571.4 mm 
16270.7 mm 
13670.2 mm 
38713 mm 
72714 mm 
S t f O O R ) , 
5.55 
5.50 
6.45 
6.20 
5.85 
6.20 
Yield 
65% 
65% 
75% 
45% 
70% 
70% 
85% 
* 1 it Bp 141 5-143°» 
** 1 it Bp 7 0 - 7 3 7 К ) mm" 
Table III 
Dialkoxymethyl compounds, HC(OR) 2X 
R 
vinyl 
vinyl 
vinyl 
vinyl 
vinyl 
phenyl 
phenyl 
p-chlorophenyl 
p-tolyl 
1-mcthylvinyl 
l-methylvinyl 
1-methyl vinyl 
l-methylvmyl 
l-methylvinyl 
X 
ΟΗ,ΟΟΟ 
CH 2 CICOO 
ссцсоо 
HCOO 
CI 
CI 
Br 
CI 
CI 
CI 
HCOO 
CH.COO 
CICH.COO 
c^ccoo 
B.p. 
84748 mm 
98-100715 mm 
6672.5 mm 
SO-51744 mm 
37-38717 mm 
13470 8 mm* 
150-15571 mm 
15270.4 mm 
15571 mm 
59715 mm 
72715 mm 
78715 mm 
8273.3 mm 
8571 7 mm 
StfClOR^X 
6.80 
690 
6.95 
6 90 
6.90 
7.25 
7.85 
** 
7.40 
7.15 
7.20 
7.10 
7.20 
7.10 
Yield 
40% 
55% 
60% 
55% 
50% 
60% 
50% 
50% 
65% 
90% 
85% 
70% 
80% 
85% 
* B p h t " 12870.15 mm 
** Absorption is hidden under the aromatic proton absorptions I he structure of 
the compound appeared from its mass spectrum, peaks at mie = 302, 
HC(OC
e
H,CI) 2 CI·, m/p = 267 (HC(OC e H 4 Clb + . m / f = l 7 5 (HC(OC 6H,-
cncir 
B
 Η Böhme and V. Neidlem. Chem Ber 95,1859(1962) 
'' H Stetlcr-AnûC Reske.Chem Ber 103,639(1970) 
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The monochloro- and trichloio-acetates were piepared in a similar way. These reaction 
mixtures were kept in a water bath at about 50oC for Halfan hour, and worked up as the 
halides. 
Formic acid and acetic acid were added pure (in 10% excess), and the reaction mixtures 
were kept at 50° for one hour at a pressure of 10 cm and then distilled at reduced pressure. 
In those cases where acetaldehyde wab formed, it had to be removed as quickly as possible 
at reduced pressure. 
Purification and analyses 
Analytical samples of all the compounds were obtained by distillation 
with Vigreux columns of 50 cm x 12 mm. They were identified by NMR 
spectroscopy (Varían HA 100) in CC14 (±10% solutions), using hexa-
methyldisiloxane as external standard (see the table). In all the cases 
measured the differences with TMS as internal standard were 20 Hz to 
lower field. 
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CHAPTER IV 
VINYL ORTHOFORMATES AND VINYL ACETALS Π 
The reactions of alkenyl orthoesters and dialkenyloxyalkyl carboxylates 
with carboxylic acids 
BY 
J E W . VAN MELICK, J.W. SCHEEREN and R J.F. NIVARD 
(Department of Organic Chemistry, Catholic University, Nijmegen, The Netherlands) 
Several new alkenyl orthoesters have been synthesized by dehydrohalogenation 
of the corresponding ß-chloroalkyl orthoesters with various bases With one 
equivalent of a carboxylic acid these compounds are converted into dialkenyl-
oxyalkyl carboxylates in good yields Dependent upon their composition, the 
latter products give with another equivalent of a carboxylic acid either pre-
dominantly alkenyl esters and acylals, or alkenyl esters, carboxylic anhydrides 
and carbonyl derivatives The synthetic applications have been investigated and 
a possible mechanism for these reactions is given 
In part I we described1 a synthetic procedure for the preparation of 
dialkenyloxymethyl carboxylates (II) from alkenyl orthoformates (I) 
as formulated in equation 1. 
H-QOCR^CH,), + RCOOH . H-CiOCR^CHjbOCOR + R'-CO-CH, [1] 
I II 
Subsequently we found2 that renewed treatment of the product (II) 
with a carboxylic acid did not result in the substitution of a second 
alkenyloxy group by an acyloxy residue, but in the formation of an 
alkenyl formate (HI) and an acylal (IV). 
H-C(OCR1=CH2)jOCOR +RCOOH . H-CO-OCR^CHj + HjC-CR'tOCORh [2] 
II III IV 
Comparison of equations [1] and [2] shows that the reaction of com-
pounds H-C(OCR1=CH2)2A with carboxylic acids strongly depends 
1
 J W Scheeren, J E W van Mehck and Я J F Nivard, Ree Trav Chim 90, 1123 
(1971) 
2
 J E W van Melick, J W Scheeren and R J F Nivard, Tetrahedron Lettere 1971, 
2083 
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on the nature of A. When A is an alkenyloxy residue an apparent sub­
stitution reaction takes place, whereas a further fragmentation is in­
volved when A is an acyloxy group. This difference justifies a closer 
examination of these reactions with various types of orthoester. 
In this paper we present the results of reactions of carboxylic acids 
(RCOOH) with a large series of compounds I ^ - Q O C R ^ C H R ^ A , 
in which besides A, also R1, R2 and R 3 were varied. The results give an 
insight into the scope of the synthetic applicability and have been used 
to propose a tentative reaction scheme. 
The reaction R^CiOCR^CHR 2 ^ + RCOOH 
The reaction of an alkenyl orthoester with one equivalent of a car­
boxylic acid leads always to the formation of a substitution product 
in accordance with equation 1. From a comparison of the reaction 
conditions (Table IV, Experimental part), which appeared to be neces­
sary for a conversion of at least 90 %, determined by following the pro­
gress of the reaction by NMR, an estimate could be made of the in­
fluences of variations in R1, R2, R3 and R on the reaction rate. It 
appears that the rate of the conversion depends on R1, R2, R3 and R 
as follows: 
R1 : CHj > H > СН2ОСНз > CH2C1 
R2 : probably no significant influence 
R 3 : C H 3 , H > C 6 H 5 
R : CHC12 > CH2C1 > H > CH3 
The results are in agreement with a reaction pathway via a carbonium 
ion V (Equation [3]), as is also found in acid-catalysed substitutions of 
saturated orthoesters3'4. However, protonation is probably on the 
double bond instead of on oxygen, because the alkenyl residue lowers 
the basicity of ether oxygen considerably5,6, and alkene protonation 
should lead to a carboxomum ion. 
3
 J W Scheeren, Α Ρ M van der Veek and IV Stevens, Ree Tra ν Chim 88, 195 
(1969) 
* R H De Wolfe, Carboxylic Ortho Acid Derivatives, Academic Press, New York 
and London, 1970, ρ 52 
5
 M. Pnce, J Adams, С Langenaur and Ε H Cordes, J Org Chem 34, 22 (1969) 
6
 A Kankaanpera and M Lathi, Suomen Kemistilahti B42, 427 (1969) 
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OCR'-CHR1 
I 
R^C-OCR'-CHR' + RCOOH—. 
I 
OCR'-CHR2 
V VI 
Alkene protonation as well as cleavage of а С—O bond (formation of V) 
will proceed better when the donating properties of R1 are enhanced; 
the influence of the nature of R2 in this respect should be smaller, as is 
observed experimentally. 
The influence of variations of R3 on the reaction rate of the alkenyl 
orthoesters does not correspond with their influence on the stability of 
the resultant carboxonium ion : V will be more stable when R3 is phenyl 
than with hydrogen or methyl. Apparently the lower reactivity of the 
orthobenzoates has to be ascribed to their lower basicity; protonation 
is dependent on the inductive, not on the mesomeric effect of R3. 
This phenomenon indicates that protonation is in any case involved in 
the rate determining step. An analogous phenomenon, more pro­
nounced, has been found in the acid-catalyzed hydrolysis of ortho-
esters7,8. 
Finally, the influence of variations in the carboxylic acid used cor­
responds qualitatively with the influence on dissociation or catalytic 
constants, as may be expected when protonation is involved in the rate 
determining step. Also the influence of the solvent appeared to be in 
accordance with this supposition; the reactivity of H—C(OCR1=CH2)3 
with R1 is CH2OCH3 or CH2C1 towards monochloroacetic acid varies 
with the solvent as follows: neat > carbon tetrachloride > acetonitrile > 
1,2-dimethoxyethane > hexamethylphosphonamide. 
The reaction: R3-C(OCR1=CHR2)2OCOR + RCOOH 
The acid used in these reactions was always that corresponding to the 
acid residue in the starting compound; if not the reaction mixture 
becomes very complex as a consequence of exchange reactions9. 
Variations in R1, R2, R3 and R in this type of compounds not only in­
fluences the reaction rate, but also the nature of the products (Table I). 
7
 С A. Bunton and R. H. De Wolfe, i. Org. Chem. 30, 1371 (1965). 
8
 For a discussion of these points, see E. H. Cordes, Progr. Phys. Org. Chem. 4, 1 (1967), 
and ref. 4, p. 137. 
9
 J. W Scheeren and W. Stevens, Ree. Trav. Chim. 85, 793 (1966). 
OCR'-CHR2 OCR^CHR3 OCR^CHR2 
-C-OCR^CHR1 — R'-C® . RJ-C-OCOR [3] 
I I I 
О CR'—CHjR2 OCR^CHR2 OCR'-CHR2 
-I 
Table I 
Ν) 
Reaction products* from R^-CÍOCR^CH^OCOR + RCOOH 
R3 
H, CHj, CjHs 
Η 
Η 
Η 
Η 
Η 
Η 
Η 
R1 
H.CHj 
СН2ОСНз** 
СН2ОСНз** 
СН2ОСНз** 
CHjOCHj** 
CHjCl 
CH2C1 
CHjCl 
R 
CHC12, СН2С1, H, СНз 
СНз 
H 
СН2С1 
СНС12 
H 
СН2С1 
СНС12 
main*** 
products 
Χ, XI 
Χ, XII, XIII 
Χ, ΧΠ, XIII 
Χ, XI 
Χ, XI 
Χ, XII, XIII 
Χ, XI 
Χ XI 
minor 
products 
XII. XIII (0-20%) 
XI ( - 3 0 % ) 
XII, XIII ( - 1 2 % ) XIV ( ~ 6%) 
XII, XIII ( ~ 5%) XIV ( ~ 2%) 
XII, XIII ( - 3 5 % ) XIV ( - 1 2 % ) 
XII, XIII ( - 1 5 % ) XIV ( - 6%) 
ν, 
14 
* The numbering refers to the reaction scheme 
** For R ^ C H J O C I H , or СН2ОСН(СНз)2 the results were similar 
*** Percentage main products isl00% minus percentage minor products 
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R3 OCR1 
\ / A 
0 0 
R1-Cy zC 
# ' * ч 
\ 
Ж 
sCHR2 
ч-НЛЯСООН) 
r 
R3 OCR1 
•\/ 
А 
0 0 
1 Jie ' 
" Ч У ix 
R 2 , C H 2 0 R 
J 
Τ 
! VII a 
= CHR2 
-
isomerisation 
1 
RJ OCR' 
\ / 
А 
0 0 R 1 A J ^ 
сн^а^ R R2 ¿ 
vu ь 
i l 1 
=CHR2 
— 
isomensation 
R3 OCR1 
\ /' 
С» 
S* 
0 0 
R^Cy zC 
CH, 0 R 
R 2 ' * 
*CHR2 
-
Tentative reaction scheme for reactions between 
R 
RCOOH 
attack 
RCOOH 
attack 
RCOOH 
attack 
^ C i O C R 1 =CHR 2 ) 2 OCOR and RCOOH 
R3 OCR1=CHR2 
C· 
^ I \ S* 0 \
1 
,C 
0*4R 
»· at Cx 
> at C Z 
»· 
at Cy 
VIII R 4 / C H 2 - R 
+ С 
^ RCOOH J - Ш 
^ 1 1 ? 
R OCR =CHR \ / 
С 
/ \ 
0 0 + XII. ( + Η·) 
Л h 0 R 0 R 
XIV 
R3 OCR^CHR2 
\ / 
С 
II 
ο X 
+ 1
 2 0 0 
\ / C H 2 - R Л Л (•HI 
С + R 0 R 
0 
U I U l i 
R? /CR^CHR2 
С 
« Χ 
0 о 
1 " . — R1 0-C-R -fHl 
2 / \ S 
R^-HjC 0-¿-R 
ШГ с 
Σ Ι 
Because an acyloxy residue is more electron-withdrawing than an 
alkenyloxy group, the reaction of the dialkenyloxyalkyl carboxylates 
with carboxylic acids is slower than that of the corresponding alkenyl 
orthoesters. The influence of variations in R, R1, R2 and R3 is, how­
ever, similar to that on the reaction of alkenyl orthoesters. According to 
25 J. E. W. van Melick et al. 
these results, in this case also the attack of the acid should be involved 
in the rate-determining step. Subsequent or synchronous cleavage of a 
С—О bond is, however, less probable because a carboxonium ion such 
as VIII should be less stable than V. On the contrary, the oxonium ion 
Vila may rearrange into a more stable trioxenium ion Vllb or via that 
into carboxonium ion Vile. The formation of alkenyl esters (X) and 
acylals (XI) as the main products in several cases, and of alkenyl esters 
(X), anhydrides (XIII) and ketones or acetaldehyde (XII) in others, 
may be explained by the supposition of such a cyclic trioxenium cation 
(Vllb) as an intermediate (see reaction scheme). 
Contrary to the case of dioxenium ions which have been suggested 
before as reaction intermediates10,11, trioxenium ions have never been 
mentioned in the literature. In our case they seem especially apt to 
explain the simultaneous formation of the products X, XII and XIII, 
namely by an attack of the acid on C
z
 in Vllb, because these products are 
found just in those cases where Vllb should be relatively stable (R=H or 
CH3). When the acid used is a very strong acid (К=СНСІ2 or CH2C1), 
or when R1 has no electron withdrawing properties, the trioxenium ion 
Vllb will function more as a transition state in the rearrangement of 
Vila into the more stable carboxonium ion Vile. This decomposes12 
under the influence of acids into alkenyl esters (X) and acylals (XI). 
In several of our experiments small amounts of the "normal" substi­
tution product XIV were found. This side-product might arise by an 
attack of the acid on C, in Vila or via carboxonium ion VIII. 
It is of interest that a simple addition product XV, which may arise 
O C R ^ C H R 2 
R 3 - C - O C R 1 - C H 2 R
2 
I \ 
RCOO OCOR 
XV 
via attack of the acid on C, (in Vllb or c) or С, (in Vila or b) has never 
been found in our reaction mixtures, whereas an analogous product is 
surely obtained from dioxenium and dioxolenium ions 1 0 , 1 1 in acid 
1 0
 H. Perst, Oxonium Ions in Organic Chemistry, Verlag Chemie, 1971. 
1 1
 H. Paulsen in Advances in Carbohydrate Chemistry and Biochemistry 26, 127 (1971). 
1 2
 5. Hiimg, Angew. Chem. 76, 400 (1964); Angew. Chemie, Intern, fcd. English 3, 548 
(1964). 
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media*. The reason may be that all decompositions of VII leading to 
X + XI, X + XII + XIII, or XII + XIV, are accompanied by the 
formation of at least two new carbonyl functions. The rather high 
bonding energy of C = 0 might be the driving force in these decomposi-
tions. In reactions with dioxenium ions never more than one carbonyl 
function can arise. 
Inspection of our tentative reaction scheme shows that the formation 
of X, XII and XIII as reaction products might also be explained along 
two other pathways. Acid-catalysed fragmentation of XI should give 
rise to XII + XIII in accordance with equation 4. 
U) R1 CH,R2 
9^9 
R 0 R 
2 1 
( H ' ) * 
R1 CH,R2 
V 
II 
0 
XII 
. R-C-0-C-R 
+
 II II 
0 0 
XIII 
Such a reaction is known13, but could be excluded because compounds 
XI appeared to be stable under the reaction conditions used in most of 
our experiments. 
A second alternative is the formation of X + XIII by fragmentation 
of XIV in an acidic reaction medium (equation 5). 
R3 0CR1=CHR2 
95^9 
0 R 0 R 
(н к , ' 
R3 OCR1=CHR2 
\ / ^ R-C-O-C-R 
С + il II 
о
 0 0 
(5) 
"УТ Χ ΎΠΤ 
Such a fragmentation seems quite general14; also we found that 
H-C(OCR l=CH2)(OCOR)2 (К^СНгОСНз or CH2C1, and 
H 
* The reactions of R 2 - C - O C R 1 = C H 2 with RCOOH give rise to addition products 
OCOR 
which may be good starting compounds for investigations on the occurrence and 
behaviour of tnoxenium ions 
1 3
 С CoJJw, J Dacey and N Parlée, Can J Research 15", 247 (1937) 
'* В Zwanenburg and IV Drenth, Ree Trav Chim 82, 862 (1963) 
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R=CHCl2 or CH2C1) and a saturated analogue Н-С(ОСНз)-(ОСОСНз)215 decompose slowly under the influence of acid into a 
carboxylic anhydride and a formate. Accelleration by acid probably 
occurs by protonation of the carbonyl oxygen. Following the progress 
of the reaction of H-C(OCR 1 =CH 2 ) 2 OCOCH 2 a ( К ^ С Н . О С Н з or 
CH2C1) with monochloroacetic acid at 650C by NMR, it appeared, 
however, that the decomposition of XIV was too slow to explain the 
formation of X and XIII entirely, so that we conclude that in these cases 
X, XII and XIII were formed via Vllb at least partly. 
Synthesis of starting compounds 
Vinyl orthoesters, R 3-C(OCR 1=CH 2)3 with R 3 =H, CH3 or C 6 H 5 
and R ^ H can be synthesized from ß-chloroethyl orthoesters with a 
mixture of sodium hydride and sodium /eri-butoxide1. A weaker base 
like sodium methoxide in methanol yields mainly substitution products. 
The rate of elimination and the subsequent formation of polymeric 
products during treatment with a base appear sensitive to small structural 
variations in the parent compound. Thus when R3 was CH2Br, CHBr2 
and OCH2CH2Q we found only polymeric products; when R3 or R1 
was CH3 or C6H5 the elimination was slower than for H, and more 
polymeric products occurred; neither H3C—C(0—ССНз=СН2)з nor 
H—C(0—СС6Н5=СН2)з could be prepared by the procedure used. 
In the elimination of Н-С(ОСНСНз-СНС1-СНз)з only sodium 
hydride was used, in order to get a higher yield of the required Saytzeff-
product. 
The elimination of the orthoformate Н-С[ОСН(СН2С1)2]з is 
possible with weaker bases. When an alcohólate dissolved in the corre-
sponding alcohol was used, the elimination was accompanied by substi-
tution of the second chlorine atom,yielding Н-С[ОС(СН 2(Ж)=СН 2]з, 
R=CH3, C2H5 or СН(СНз)2. With potassium hydroxide in water/1,2-
dimethoxyethane (1:1), however, only elimination takes place, leading 
to Н-С[ОС(СН2С1)=СН2]з. We did not succeed in substituting the 
chlorine atom by other substituents, such as CN, ОН, OCOCH3. 
2-Alkenyl formates 
The acid-stability of 2-alkenyl formates, H - C O - O C R ^ C H z , 
increases with increasing electron withdrawing properties of R1. At the 
same time their reactivity towards nucleophilic reagents increases. 
" H Gross and A. Reiche. Chem Ber. 94, 538 (1961) 
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Under the conditions described previously16, 7V-formylation of the 
methyl ester of tyrosine could be completed with 3-methoxy-2-propenyl 
formate, Н-СО-ОС(СН 2ОСНз)=СН 2, within 5 mm., with 2-propenyl 
formate in about 15 mm.; with .rec-buten-2-yl formate (cis-trans mixture) 
as much as 90 min. appeared to be necessary. With all three reagents the 
phenolic hydroxy group was left unchanged. 3-Methoxy-2-propenyl 
formate has also the advantage over 2-propenyl formate in that its 
synthesis is more facile. 
Experimental 
Isolation and purification of reaction products were performed by distillation with 
Vigreux columns of 70 χ 12 cm, 20 χ 1 0 cm, 20 χ 0 8 cm or with a spinning band 
column (Normag) of 25 plates 
Products were identified by NMR spectroscopy (Vanan HA100 or Vanan T60) in 
CC14 (±10% solutions) with TMS as internal standard Occasionally an additional 
identification was performed by mass spectroscopy (Vanan-Mat-SMl-B) or by elemental 
analysis. 
1 ß-Chloroalcobols 
a 3-Chioro-2-butanol, 0 75 Mole of thionyl chlonde was added drop by drop into 1 mole 
of 2,3-butanediol (a mixture of the meso and racemic form) to which 2 ml of DMF had 
been added, and the mixture was refluxed for 6 hours The fraction boiling at 35-50°/ 
15 mm was collected by distillation at reduced pressure Redistillation of this fraction 
yielded a pure product with b ρ 42-45ο/20 mm, n¿0 1 4410 (lit 17 b ρ 52-54ο/30 mm, 
ле
0
 14432), yield 55% 
b l-Chloro-2-ρτοραηοΙ was separated from a sample (Fluka AG) containing 25% of 
2-chloro-l-propanol by distillation with a Nester Faust spinning band column 
с Styrène chlorohydrm was synthesized from styrene and /erf-butyl hypochlonte1* 
2 ß-Chloroalkyl orthoesters (Table II) 
The appropnate ß-chloroalcohol in 50-100% excess was mixed with ethyl ortho-formate, 
-acetate, -benzoate or -carbonate, and a trace of p-toluene sulfonic acid was added19 
The alcohol liberated was evaporated, in the case of the orthobenzoate and ortho-
carbonate at reduced pressure to prevent the temperature m the distillation vessel nsmg 
above 100° The orthoesters were isolated by distillation at low pressure after neutraliza-
tion of the mixture with sodium methoxide, only Н-С-[0-С(С 6 Н5)Н-СН 2 С1]э was 
1 6
 J E W van Mehck and £ Τ M Wolters, Synthetic Comm 2, 83 (1972) 
1 7
 Handbook of Chemistry and Physics, 50th ed , The Chemical Rubber Co (1969-1970) 
1 8
 W E Hanby and Я N Rydon, J Chem Soc 194«, 114 
" Д М Roberts, Τ D Higgins Jr and Ρ R Noyes, J Amer Chem Soc 77, 3801 
(1955) 
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used without distillation ß-Chloroethyl orthomono- and di-bromoacetate were synthe-
sized from ß-chloroethyl orthoacetate and bromine in pyridine20 
Table II 
ß-Chloroalkyl orthoesters, R'-CíOCHR'-CHClR^j 
R2 
CH, 
H 
H 
H 
H 
H 
H 
H 
R3 
H 
CH3 
СНз 
с 6 н 5 CH2Br 
CHBr2 
H 
OCH2CH2Cl 
R1 
СНз 
H 
СИ, 
H 
H 
H 
CHjCl 
H 
Β ρ
 0C/mm 
119-121°/0 5 
1220/1 4* 
110°/0 4 
165-168°/0 7 
138o/0 6 
150-152o/0 6 
163-165°/0 2 
136°/0 1** 
"è0 
1 4638 
14720 
1 4608 
1 5212 
1 5060 
15280 
1 5020 
-
Yield 
70°, 
75% 
65 o/, 
70°' 
40% 
15% 
80% 
20% 
6-H(RJ) 
5 42 
1 51 
152 
-
3 72 
5 69 
5 50 
-
* Lit 2 1 b p 151-1590/9mm, yield 74% 
*· M ρ 60-61° 
3 Alkenyl orthoesters (Table III) 
Method a The procedure as described m part I1 was followed for all ß-chloroalkyl 
orthoesters except for 1,3-dichloroisopropyl orthoformate (see 3b, c) Refluxing of the 
reaction mixture was continued until evolution of hydrogen ceased (2-24 hours) In the 
elimination of З-chloro-íec-butyl orthoformate fm-butanol was omitted from the reac-
tion mixture and reflux was continued for 48 hours Products were isolated by distillation 
at reduced pressure çer-buten-2-yl orthoformate as a mixture of the cis and trans isomers 
Table III 
Alkenyl orthoesters, R3-C(OCR1=CHR2)3 
R3 
H 
СНз 
Q H , 
H 
H 
H 
H 
R1 
СНз 
H 
H 
CHjOCHj 
CHjOCjHj 
СН 2ОСН(СНз) 2 
CHjCl 
R2 
CH, 
H 
H 
H 
H 
H 
H 
Β ρ °C/mm 
75-77ο/0 8 
430/І8** 
68o/0 2 
115o/0 1 
123°/0 2 
125o/0 1 
120o/0 2 
n
2 0 
14610 
14355 
15085 
1 4595 
14527 
14520 
Yield 
50%, 
70% 
70% 
9 0 % 
90% 
80% 
4 5 % 
5-H(R3) 
5 94« 
1 64 
-
6 06 
6 05 
6 05 
6 15 
Method 
a 
a 
a 
b 
b 
b 
с 
* The main peak is accompanied by small peaks at δ 5 99 and δ 5 87 ppm 
•* Lit 2 1 bp 145-147°, ng 1 4355, yield 42% 
2 0
 F Beyerstedt and S M McElvam, J Amer Chem Soc 59, 1273(1937) 
2 1
 H Steuer and £ Reske. Chem Ber 103 639(1970) 
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Methodb Over a period of about half an hour 0 1 mole of l,3-dichloro-2-propyl 
orthoformate was added to a refluxing solution of 0 75 mole of sodium alcohólate in 
200 ml of methanol, 300 ml of ethanol or 600 ml of 2-propanol Refluxing was continued 
for 2 hours after completion of the addition The mixture was concentrated at reduced 
pressure, the resulting suspension dissolved in water and extracted three times with 
ether The ethereal solution was washed with water, dried over magnesium sulphate and 
distilled at reduced pressure 
Methode 0 1 Mole of 1,3-dich)oro-2-propyl orthoformate was added to a solution of 
0 6 moles of potassium hydroxide in 50 ml of water/1,2-dimethoxyethane (1 1) The 
mixture was kept at about 80° under vigorous stirring Every 24 hours 0 2 mole of KOH 
was added to the mixture and, after 80 hours, the reaction mixture was worked up as 
described under method b The product was crystallized from cyclohexane, m ρ 64- 65° 
4 Reactions of alkenyl orthoesters with carboxylk acids; Syntheses of dialkenyloxyalkyl 
carboxylates (Table VI) 2 2 
a With aliphatic carboxyhc acids 
0 055 Mole of pure formic, acetic or dichloroacetic acid, or the same amount of mono-
chloroacetic acid dissolved in 10 ml of dry ether, was added drop by drop to 0 05 mole 
of an alkenyl orthoester during 15 minutes [with Н - С ( О С С Н 2 С 1 = С Н 2 ) з a double 
amount of carboxyhc acid was used] Ether if used, and acetaldehyde if liberated, were 
immedidldy evaporated at reduced pressure and the mixture was heated until at least 90",, 
Table IV 
Reaction conditions for 
R 3 - C ( O C R 1 = C H R 2 ) 3 - l - R C O O H — R 3 - C ( O C R 1 = C H R 2 ) 2 O C O R + R 1 - C O - C H 2 R 2 
R3 
H 
H 
сн3 
H 
с6н5 
H 
H** 
R1 
СНз 
GH, 
H 
H 
H 
СН2ОСНз* 
CH2C1 
R2 
СНз 
H 
H 
H 
H 
H 
H 
R=CHC12 
°c 
40 
40 
50 
50 
50 
70 
hrs 
05 
05 
05 
1 
1 5 
2 
R=CH2C1 
0C 
50 
50 
50 
50 
80 
70 
hrs 
0 75 
0 75 
1 
1 
2 
45 
R=H 
°C 
50 
50 
50 
50 
60 
80 
70 
hrs 
0 75 
35 
6 
R=CH3 
°C 
80 
80 
80 
80 
120 
100 
hrs 
2 
25 
35 
4 
25 
10 
* For R ^ C H j O Q H , or С Н 2 О С Н ( С Н з ) 2 the conversions were slightly faster 
* · Two equivalents of acid were used 
2 2
 Physical constants of compounds, which have not been given m this paper, are 
available at the editorial ofTice (Table VI, VII, VIII and IX) 
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of the starling compound had been converted Reaction temperatures and times are 
given in Table IV, the reactions can be accelerated by the addition of catalytic amounts of 
tnfluoroacetic acid or hydrochloric acid The products were isolated by distillation 
Physical constants of some representative compounds are 
Н-С(0-ССНз=СНСНз)2ОСОСНз b ρ 65ο/0 6 mm ni0 14435 
Н-С[0-С(СН2ОСНз)=СН2]2ОСОН b ρ 9Э°/0 1 mm ne0 14494 
H-C[0-C(CH2OC2H5)=CH2]2OCOCH2Cl bpll2°/0 1mm n¿0 1.4582 
H-C[0-C(CH2C1)=CH2]20C0CHC12 bp 127°/0 6mm ni0 1 4961 
(δ Н-С(0-)з are between б 75 and 7 09 ppm) 
b fVuh aromatic carboxyhc acids 
In these experiments the orthoester was used in excess (0 08 mole of the acid, dissolved 
in 20 ml of dry ether, and 0 1 mole of the orthoester) because the high melting point of the 
acids hindered their removal from the reaction mixture by distillation The procedure was 
similar to that in 4a, the reaction temperature was 120° and the reaction time from 2 hours 
(with p-chloro-) to 4 hours (with p-methoxybenzoic acid) 
5 Reactions of dialkenyloxyalkyl carboxylates with carboxylic acids; Syntheses of acylab 
(Tables VII and VIII)22 and alkenyl esters (Table IX)22 
a With aliphatic carboxyhc acids 
The procedure is quite similar to that described in 4a, the alkenyl orthoester being 
replaced by a dialkenyloxyalkyl carboxylate The reaction conditions for a conversion 
of at least 90°;; are given in Table V, as well as those leading to the highest yields of acylals 
To get a maximal amount of an alkenylformate", 1 5 equivalents of dichloroacetic 
acid are added to a dialkenyloxymethyl carboxylate or 2 5 equivalents of the same acid 
to an alkenyl orthoformate, and the carbonyl compound and alkenyl formate are removed 
Table V 
Reaction conditions for R 3-C(OCR 1=CHR 2) 2OCOR + RCOOH • products 
R3 
H 
H 
СНз 
H 
с6н5 
H 
H** 
R' 
GH, 
CHj 
H 
H 
H 
СН 2ОСНз* 
CH2C1 
R2 
СНз 
H 
H 
H 
H 
H 
H 
R = C H a 2 
°C 
40 
40 
50 
50 
50 
70 
hrs 
0 75 
0 75 
0 75 
1 25 
2 5 
4 
R=CH2C1 
»C 
50 
50 
50 
50 
80 
70 
hrs 
1 
1 
1 25 
1 5 
4 
8 
R=H 
°C 
50 
50 
60 
65 
60 
20 
60 
hrs 
1 25 
1 5 
3 
3 
4 
240 
15 
R=CH3 
»C 
80 
90 
100 
90 
110 
60 
hrs 
3 5 
3 
4 
6 
5 
50** 
* For R l =CH 2 OC 2 H 5 or СН2ОСН(СНз)2 the conversions were slightly faster 
'* Two equivalents of acid were used 
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from the reaction mixture by distillation at reduced pressure The cis-trans mixture of 
sec-buten-2-yl formate obtained by this procedure could be separated by repeated distil-
lation with a spinning band column The assignment of the physical constants to the 
isomers (Table IX)22 is tentative Physical constants of some representative compounds 
b ρ 53°/6 5 mm ni0 1 4242 
b p 102o/0 25mm n¿0 1 4619 
b p 109°/0 15mm ng 14863 
b p 48°/17 mm n^0 1 4230 
НзС-С(С2Н5ХОСОН)2 
НзС-С(СН2ОСНз)(ОСОСН2С1)2 
НзС-С(СН2С1)(ОСОСНС12)2 
Н-СО-ОС(СН 2ОСНз)=СН 2 
b With aromatic carboxylic acids 
The procedure is similar to that in 4b (dialkenyloxymethyl carboxylate used in excess) 
The reaction temperature was 150° and the reaction time from 4 hours (with p-chloro-) 
to 8 hours (with /?-methoxy-benzoic acid) 
6 Isolation of alkenyl 1,1-diacyloxymethylethers 
In two experiments according to 4a, the treatment of H-QOCR^CHjhOCOCHjCl 
( R ^ C H J O C H J or CH2C1) with monochloroacetic acid, alkenyl 1,1-diacyloxymethyl-
ethers (XIV) could be isolated as side products in yields of 3 0 0 and 5 o,,, respectively 
Because their separation from the starting compound is difficult, the latter must be 
converted completely before isolation by distillation is attempted For this reason a larger 
excess of the acid used (threefold) is useful to isolate these products Other reaction 
conditions (temperature and time) are those given in Table V 
Н-С[ОС(СН2ОСНз)=СН2] (OCOCH2Cl)2, b ρ 125°/0 2 mm, ng I 4710, yield 3%, 
5-Н-С(0)з = 7 57 ppm 
H-C[OC(CH2CI)=CH2] (OCOCH2Cl)2, b ρ 130°;0 1 mm, ng 1 4830, yield 5 %, 
5-Н-С(0)з = 7 56 ppm 
The mass spectrum showed peaks at ml e = 213 probably for 
HO-C-[OC(CH 2Cl)=CH 2] (OCOCH2Cl) and mie = 197 probably for 
H-C-[0C(CH 2C1)=CH 2] (OCOCH2Cl) 
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A P P E N D I X 
ORTHOESTER HYDROLYSES 
Although no conclusive experiments have been 
done to establish the rate determining step in the 
reactions of alkenyl orthoesters with carboxylic 
acids, some of our semi-quantitative data may lead 
to the supposition that protonation of the parent 
esters is involved in the rate determining step. 
Such a supposition can be based on a comparison 
with data of acid catalysed hydrolyses of ortho-
esters1»2. This reaction can be stoichiometrical-
ly formulated as in eqn. И ) . 
R'-C(0R)3 + H2O > R'-CO-OR + 2 ROH (1) 
If a pre-equi librium should exist between the 
orthoester and its conjugate acid, the most reaso­
nable mechanism for the hydrolyses should include 
the formation of a carboxonium intermediate as for­
mulated in the A-1 mechanism of Winstein and Buck­
les3 (eqn. 2). This mechanism is generally accep­
ted for the hydrolyses of acetáis and ketals. 
R'-C(0R)3 + H® ,- f a 5 t > R>-C(0R)2-0HR 
R'-CCORK-OHR s l o w > R'-C^COR), + RGH (2) 
к 
R'-C^.-(0R)2 + H2O
 f a s t :
 > R'-CO-OR + ROH + H® 
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In the orthoester hydrolyses, however, the effect 
of R' on the rate of hydrolyses is quite different 
from that observed in the hydrolyses of acetáis and 
кétais (see Table I). 
TABLE I1* 
Relative rates of hydrolyses of acetáis, ketals and 
orthoesters, RR'C(0C2H5)2 at 25GC. 
Orthoesters 
R R' relative 
rate 
OC2H5 H 1.00a] 
OC2H5 СНз з а - 5 
OC2H5 C2H5 24.3 
DC2H5 CgHs 0.62 
GC2H5 OC2H5 0.17 
Acetáis, Ketals 
R R' relative 
rate 
H H 0.19х1С"7 
H CH3 0.12x10~3 
H C 6H 5 О.ЗЗхЮ"
2 
СНз СНз 0.35 
а) к 2 -1 -1 
5.36x10 Itr. mole sec 
Many investigations have been devoted to this 
phenomenon5"8 and a reasonable explanation has fi­
nally been given by Bunton and De Wolfe . They took 
into account the basicity of the orthoesters, which 
are very weak oxygen bases. They pointed out, that 
these esters hydrolyse rapidly, even in solutions 
of such a low hydrogen concentration that the con­
centration of their conjugate acids must be vani-
shingly small. Apparently an equilibrium between 
the ester and its conjugate acid as occurring in the 
35 
A-1 mechanism is not reached in orthoester hydroly-
ses. The reaction occurs via a mechanism in which 
proton transfer from catalyst to substrate is in-
volved in the rate limiting step. The reaction rate 
does not only depend on the ease of C-G bond brea-
king (or the stability of the dialkoxyaIky 1 carbox-
onium ion) but also on the basicity of the substra-
te and the catalyst used. The influence cf the last 
factor will be small when bond breaking has been 
proceeded further than protonation in the transi-
tion state of the "concerted" process. In the re-
versed situation they will be very important rate 
determining factors. 
Recently observations of orthoester hydrolyses 
were reported9'10'11 which support a mechanism in 
which protonation is rate limiting. Also some exam-
ples of acid catalysed acetal hydrolyses are known12, 
in which protonation is probably involved in the ra-
te determining step. 
The reactions of alkenyl orthoesters with car-
boxylic acids are certainly not quite comparable 
with the acid catalysed hydrolyses of trialkyl or-
thoesters; in the former case protonation of the 
double bond occurs, yielding a dia1kenyloxyalky1 
carboxonium ion, in the latter case protonation oc-
curs at an oxygen atom, leading to a dialkoxyalky1 
carboxonium ion. Moreover, the nature of the end 
products is different. 
The reactions have in common, however, that in 
both cases a rather stable carboxonium ion is formed 
by protonation of a weakly basic substrate followed 
36 
by loss of the protonated group. For that reason it 
may be justified to establish that protonation is 
involved in the rate determining step, in the reac­
tions of alkenyl orthoesters, in a similar way as 
with alkyl orthoesters, namely by consideration of 
the influence of R 3 in R 3-C(OCR 1=CHR 2) 3 on the re­
action rate. The semi-quantitative data concerning 
this influence, given in chapter IV, substantiate 
then that protonation is rate-limit ing in these re­
actions. 
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CHAPTER V 
33LECTIVE FORMYLATION OF AMINO GROUPS UNDEH NEUTRAL CONDITIONS 
J.E. v.. van Kelick and E.T.Ii. \iOlters 
Department of Organic Chemstry, Catholic University, 
Toernooiveld, Nijnegen, The Netherlands. 
One of us reported recently the synthesis of isopropenyl 
formate and mentioned its high formyiating capacity, especial­
ly when neutral conditions are needed. This characteristic 
should make it an interesting reagent. 
In this paper we demonstrate the reactivity and selecti­
vity of isopropenyl formate and its usefulness in blocking or 
protection of алііпо functions. 
In several preliminary experiments formylation of amines 
by isopropenyl formate, 
RR'NH + HC0-0C(CH,)=CH2 > RR'N-CHO + CH^COCH, (1) 
was followed by NMR. Kith propyl-, benzyl- and diethylamine 
the strongly exothermic reaction was complete within five 
minutes. Aniline was formylated in three hours at room tempe­
rature. tVith N-methylaniline and p-chloroaniline a reaction 
time of 12 hours appeared to be necessary. Conversion of me­
thanol or phenol could not be observed under these conditions; 
only after ten days did methanol give 30% of methyl formate, 
phenol less than 2% of phenyl formate. 
As these results indicated that the reagent could be very 
useful in peptide synthesis, we tried selective amino formy­
lation of an amino acid ester. In dichloromethane N-formyla-
tion of the methyl ester of tyrosine was performed within 15 
minutes while the hydroxy group remained unchanged. In DMF a 
similar result was obtained within 60 minutes. 
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In the solid-phase synthesis of part of the A-cham of 
2 
ovine insuline on a tert-alkoxycarbonyl hydrazide resin 
blocking of unreacted free ammo groups was felt necessary 
after an incomplete coupling step. Acidic reagents like the 
formic acid/acetic anhydride mixture could not be used be-
cause of the presence of acid-labile Bpoc-groups. A typical 
example is represented in the following scheme (reactions 2 
and 3), 
CH, 
Bpoc-Tyr(t-Bu)-OH + H2NNHC00C - CHgCHg-® °§д^> 
CH, 
Bpoc-Tyr(t-Bu)-N2H2-(p) (2) 
I 
*
 +
 l] bllll^ötÏÏöWj BPoc-Asn-Tyr(t-Bu)-N2V(Ç 
Imiaazole ^ ' 
H-Tyr(t-Bu)-N:,H;>-
H24 
II + COCHO > Bpoc-Asn-Tyr(t-Bu)-N2H2-ι 
H3C 0 I (4) 
H-C-Tyr(t-Bu)-N2H2-
Pree amino groups left after the coupling step (3) were 
formylated by isopropenyl formate (4). By determination of 
free and blocked amino groups after the reaction it could be 
shown that almost all ammo functions had been protected. Iso­
propenyl formate could also be used for blocking of the hydra­
zide function of the resin, if coupling of the first amino 
acid with the resin was incomplete. 
Isopropenyl formate was synthesized ' according to the 
following scheme: 
?\ 
+ CI 2CHCOOH — » нс(ос' I ососнсі2 + сн3ссн3 (5) 
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Я ^
C H 2 
v + CI 2CHCOOH > наос + (H 3C) 2C(OCOCHCI 2) 2 (6) 
CH, 
To obtain pure isopropenyl formate it is neceassary to 
isolate the intermediate V because it is difficult to separate 
ізоргор пуі formate from acetone (method a). With most formy-
lations the presence of acetone does not interfere, and the 
reagent can be prepared m a simple one-step procedure 
(method b). 
Experimental 
For all new compounds correct elemental analysis were obtained. 
1. Isopropenylformate 
method_a: Isopropenyl formate was prepared by adding drop-
wise one equivalent of dichloroacetic acid to V 
under diminished pressure (20 mm Hg) while the temperature in 
the reaction flask was kept at about 40 С The product evapo­
rated from the reaction mixture and was collected in a Dry Ice 
cooled vessel. Yield 80$, b.p.80-8l0C, nD20=1.3990. Immediate 
isolation of the compound is essential because it is acid-la-
bile. 
SEÍíi2a_Í: Upon addition of two equivalents of dichloroace-
tic acid to IV under the conditions described 
above, a 1:1 mixture of isopropenyl formate and acetone was 
isolated m a yield of 90%. 
2. N-Fonnyl-L-tyrosine methyl ester 
195 mg. (1 mmole) of L-tyrosme methyl ester was sus-
pended in 1 ml of CHpCl-. After the addition of 0.2 ml of a 
50$ solution of isopropenyl formate m acetone (10$ excess) 
a clear solution was obtained. After 15 minutes thin layer 
chromatography showed the absence of free ammo groups. After 
one hour a precipitate was formed which after the addition of 
ether was filtered and dried. The yield of N-formyl-L-tyrosine 
methyl ester was 212 mg. (95^), m.p.144-1450C, (Ô<]D22= +38.4° 
(c=1, MeOH). 
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3. Formylation of Bpoc-Asn-Tyr( -Вц)-КШН-гезіп 
Bpoc-Tyr(t-Bu)-NHNH-resin was prepared in the usual 
way from Bpoc-Tyr(t-Bu)-OH and the Iderrifield tert-alkoxyoar-
bonylhydrazide resin (2). It could be shown that this coupling 
was quantitative. Determination of the tyrosine content of the 
resin revealed 0.41 mmole of tyrosine/g. resin. The coupling 
of the second ammo acid derivative, Bpoc-Asn-OH, was perfomed 
according to the method of IJitm with tnphenyl phosphite and 
imidazole. Quantitative determination by UV of 2-(p-biphenyl)-
propene, liberated in a sample of the mixture, showed that 
only 82$ of asparagine had been incorporated. Electrophoresis 
(pH=4.6, 400 V, 1 hour) showed two spots, one from H-Asn-Tyr-
NjH, and a minor one from H-Tyr-KjH,. The resin was treated 
for 3 hours v/ith a tenfold excess of isopropenyl fornate m 
CH0C10. Free ammo group determination with 2-hydroxy-1-
6 
naphthaldehyde revealed only 0.015 mmole free amine/g. resin. 
Cleavage of the peptide with 50$ TPA/CH-Clp followed by 
electrophoresis showed two spots, one for H-Asn-Tyr-NjH,, and 
a minor one for N-Porm-Tyr-NpH,. The latter compound was iden­
tified by means of an authentic sample, synthesized from 
K-Form-Tyr-OCH, and hydrazine hydrate, m.p.218-2200C,|o<JI)22= 
+16.7° (o=1f DIIF). 
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CHAPTER VI 
VINYL ORTHOFORMATES AND VINYL ACETALS. PART III 
The reactions of alkenyl acetáis and 1-alkenyloxyalkyl carboxylates 
with carboxylic acids 
BY 
J. E. W. VAN MELICK, T. POSNO, 
J. W. SCHEEREN and R. J. F. NIVARD 
(Department of Organic Chemistry, Catholic University, Toernooiveld, Nijmegen, 
The Netherlands) 
Treatment of alkenyl acetáis IV with one equivalent of a carboxylic acid leads 
to the formation of either addition products, 1-acyloxyalkyl alkenyl acetáis V/. 
or substitution products, 1-alkenyloxyalkyl carboxylates V, dependent upon 
the structure of the starting compounds In a similar way the 1-alkenyloxyalkyl 
carboxylates V give 1,1 -diacyloxy ethers X, or acylals XI, with a second equiv-
alent of a carboxylic acid. Synthetic applications and tentative reaction schemes 
of these conversions are given. 
In previous papers of this series1,2 we described the reactions of alkenyl 
orthoesters I with carboxylic acids. It was shown that treatment of 
orthoesters with one equivalent of an acid leads to the formation of 
substitution products II via an intermediate carboxonium ion ac-
cording to the overall equation [1]. 
I^-CÍOCR^CHR2^ + RCOOH ^ R'-CfOCR^CHR^OCOR + R'-CO-CH^R2 [1] 
(I) (II) 
Addition of a second equivalent of the acid did not lead to further 
substitution. Instead, the 1,1-dialkenyloxyalkyl carboxylates II de-
composed2,3. Dependent on the nature of the substituents R, R^R 2 , R3, 
either alkenyl carboxylates ( R ^ C O - O C R ^ C H R 2 ) and acylals 
1
 J W. Scheeren, J. E. W. van M elicle and Л У F Nivard, Ree. Trav. Chim 90, 1123 
(1971) 
1
 J. E П van Melick, J. W Scheeren and R J. F. Nivard, Ree. Trav. Chim. 92, 775 
(1973). 
3
 Idem, Tetrahedron Letters 1971, 2083. 
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[ I ^ - Q O C O R ^ C H j R 2 ] or alkenyl carboxylates, acid anhydrides 
[(RCO)20] and carbonyl compounds (R '-CO-CHjR 2 ) were 9b-
tained as the main products. It was suggested that a trioxenium cation 
III participates in the fragmentations. 
R2CH = CR'Cl / / 0 \ / R 1 
С С 
R 3 / 
i 
О.
 w
 О 
CH,R 2 
(III) 
In this paper our investigation of the reactions between the correspond­
ing alkenyl acetáis IV and carboxylic acids are presented. 
The reaction: R2-CH(OCR1=CH2)2 + RCOOH 
The addition of one equivalent of an acid to alkenyl acetáis did not 
lead always to the expected substitution products. In general, these 
hitherto unknown 1-alkenyloxyalkyl carboxylates V4 were only ob-
tained if R2 was a phenyl residue (preferably with an electron-donating 
substituent),, or if R1 contained an electron-withdrawing group (e.g. 
R1=CH2OCH3). In other cases addition products, 1-acyloxyalkyl 
alkenyl acetáis VI, always accompanied by small amounts of di-addition 
products VII, arose. Table I summarises the reaction products ob-
tained from several alkenyl acetáis. The results can best be explained by 
the reaction scheme [2]. 
Some products V of the type R1-CH(OCOR)OCH=CHR2 (R1 and R2 are ali-
phatic) are described by L. W. McTeer in a U S. Patent, 3,383,374 (1968) See also 
CA 69, 26768(1968) 
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Table I 
Reaction products from R ^ C H í O C R ^ C H ^ j + RCOOH 
R1 
H 
H 
H 
СНз 
CHj 
СН 2ОСНз 
СН2ОСНз 
R2 
H 
СН 3,л-СзН 7, 2.6-СІ2-С6Нз 
р-Х-С6Н4* 
CH2C1,CHÏ* 
p-X-CHÎ 
СН2С1 
CHj.n-CjH^p-X-CsHJ 
main 
product 
VI 
VI 
V 
VI 
V 
V 
V 
minor 
products 
VII 
νιι,ν 
— 
VII, V 
— 
VI, VII 
— 
X = H, CI, CHjOrOCHj. 
After prolonged reaction time V becomes the main product (see text). 
с 
(IV) 
R : 4 £>CR'=CH2 
H ^ ^ O r ^ C R ' - C H j 
(VIH) 
R ^ ^ C R ' - C H j 
+ RCOOH(-H*) ƒ > . 
: H / X y - C R ' - C H , ; I 
OCOR 
OCOR 
I 
R l . O - C R ' - C H , 
-RCOOH ^ Р С2! 
X l - C R ' - C H , 
I 
OCOR 
(VI) (VII) 
> l o C R . = C H 2
 + R C 0 0 H
.
 R
 V 0 C R ' = C H l 
/ (-H·) H^NKOR 
(IX) 
+ 
R'-CO-CHj 
(xiv) 
(V) 
The scheme suggests that the carboxonium ion VIII, formed in an 
initial protonating step, does not always produce a carboxonium 
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ion IX. This ion IX is less stable than the corresponding cation 
(H2C = C R 1 - 0 = = C R 2 = - ^ - C R 1 = C H 2 ) , formed in the analogous 
reactions of alkenyl orthoesters with acids. IX arises only if strongly 
stabilizing, donating groups R2 are present, or if electron-withdrawing 
substituents in R1 make its precursor VIII less stable. 
The addition of a carboxylic acid to VI proceeds at a rate comparable 
to the formation of VI, because VII was always found as a second 
product in reactions where VI was the main product. This can be 
understood because substituent influences on the reactivity of the double 
bond in IV and VI will be about the same. A similar addition of acid 
to the substitution product V was generally not observed under the 
applied reaction conditions, using only one equivalent of the acid (see, 
however, the following section). 
The formation of VI from VIII is probably a reversible process. In 
one case [CH3—СЩОССНз = CH 2 ) 2 ] the amount of the initial 
addition product decreased gradually after prolonged reaction times, 
and the substitution product (V, R1 = R2 = CH,) became the main 
product. The conversion of VI into V could have occurred directly via 
a cyclic transition state, but in the presence of acid a pathway via the 
cations VIII and IX seems more probable. 
The reactions between alkenyl acetáis and carboxylic acids have been 
followed by NMR to get an idea of the influence of R, R1 and R2 on the 
rate of product formation. It appeared that the rate decreased in the 
following sequences: 
R : СН 2 С1>Н>СНз 
R 1 : C H , > H > C H 2 O C 2 H s > C H , O C H 1 > C H 7 C I 
R2: /?-СНзОС 6Н 4>^-СНзС 6Н 4>C 6H 5>/>-CÍC6H4>л-СзН 7,C 2H 5, 
СНз>Н>СН 2 С1, 2,6-С12-С6Нз 
These data are in accordance with the proposed reaction scheme, in 
so far as both supposed intermediate cations are better stabilized by 
stronger electron-donating groups in R1 or R2, and protonation, 
probably involved in the rate-determining step, becomes faster with 
stronger acids. 
The reaction: R2-CH(OCR1=CH2)OCOR + RCOOH 
The 1-alkenyloxyalkyl carboxylates V behave similarly towards car­
boxylic acids as the alkenyl acetáis, although their reactivity is lower. 
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Dependent upon the nature of the substituents (R, R1, R2) and also 
upon temperature, either addition products, viz. Ι,Γ-diacyloxy-ethers 
X, or substitution products, viz. acylals XI, were obtained. These results 
suggest that the reactions proceed according to scheme [3], in outline 
similar to the scheme [2] given above. Slight modifications will be 
explained in the subsequent discussion. 
R2 OCR¡=CH2 
-RCOOH 
H / ' NXTOR 
Î 
H s 
(V) 
R ^ ^ O ^ C R ' - C H j 
H ^ ^OCOR 
+ RCOOH(-HS)) 
(XII) 
RÍ. ^ 
H 
O ^ O — C O R + RCOOH (-Hffi) 
R ' - C O - C H , 
(ХШ) 
(XIV) 
ΔΤ 
R2 R1 
H - C - O - C - C H 3 
I I 
OCOROCOR 
(X) 
OCOR 
OCOR 
(XI) 
[3] 
ΔΤ 
R 2 -CHO + (RCO)20 
(XV) (XVI) 
At temperatures not exceeding 50°, addition, leading to compounds X, 
appeared to be the usual route in this reaction. Acylals XI were only 
formed in substantial amounts under these conditions if R2 was an aryl 
group, strongly stabilizing a carboxonium ion such as XIII, and at the 
same time R1 was an electron-withdrawing group (СН2ОСНз, CHjCl). 
However, in every case the amount of XI increased at higher tempera­
tures (80-100°) at the cost of previously formed X. 
It was shown by means of NMR studies that pure Ι,Γ-diacyloxy 
ethers X decompose at higher temperatures into the acid (RCOOH) and 
the parent compound V, especially when R1 # H. Subsequently acylals 
XI and ketones XIV appear in the reaction mixtures. On prolonged 
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heating the acylals themselves gradually decompose5, giving rise to 
aldehydes XV and acid anhydrides XVI. 
The influence of substituents R, R1 and R2 on the rate of thermal de­
composition of X differs from that on its formation-rate. In both cases 
R2 has no significant influence, and both reactions slow down in the 
series R = СН 2 С1>Н>СНз. For the influence of R
1
, however, 
we found 
CHj > СН2ОСНз, CH2OC2H5, CH2C1 > H in the decomposition of X, 
but 
СНз>Н>СН 2 ОС 2 Н5>СН 2 ОСНз>СН 2 С1 in the formation of X 
from V. 
A possible explanation of these data is that, at higher temperatures 
and at the low acid concentrations in the initial stage of the reaction, 
the decomposition of X to V proceeds via a pathway comparable with 
that in ester pyrolyses6 rather than via a reversal of its synthetic route. 
The rate of this way of elimination will decrease as the olefins formed 
become less stable (R1 = СНз>СН2ОСНз^>Н). Similar eliminations 
in compounds VI (Scheme 2) have not been observed, but cannot be 
excluded under appropriate conditions. 
The relatively slow decomposition of Ι,Γ-diacyloxy ethers X, with 
R1 = H, explains why the elimination of acid in the example Xa 
represented in scheme [4] is restricted to that side of the molecule 
bearing the СН2ОСНз group (the scheme represents only overall reac­
tions). Two products XVII and XVIII appeared to be formed, the latter 
in cis and trans configuration. The presumably less stable product XVII 
H CHJOCHJ 
I I 
СНз-С-0-С=СН 2 
/ OCOR 
СН2ОСНз H CH,OCHj / I I I / (Х И) 
CHj = CH-O-C-CH3 —H— СН
э
-С-0-С-СНз ( [4] 
I I I \ H CHOCH, 
OCOR OCOROCOR \ | II 
X H J - C - O - C - C H J 
(Xa) I 
OCOR 
(XVIII ; cis and trans) 
5
 С Coffin, J. Dacey and N. Parlée, Can. J. Research 15", 247 (1937). 
6
 Houben- Weyl, Methoden der Organische Chemie. Georg Thieme Verlag, Stuttgart, 
1972. Band V/lb, p. 105. 
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arose faster, but was also converted more rapidly into an acylal or 
back into Xa. On careful decomposition more XVIII than XVII was 
eventually obtained, due to the "reversibility" of the reaction. However, 
XVIII also undergoes substitution by the acid present, giving mainly 
the ketone, СНз-СО-СН 2 ОСНз, and an acylal, СНз-СН(ОСОК)2. 
As to the intermediate carboxonium ions in scheme [3], it might be 
expected that XII and XIII will be less stable than the corresponding 
cations VIII and IX in scheme [2], respectively. The lower reactivity of 
the 1-alkenyloxyalkyl carboxylates V in comparison with alkenyl 
acetáis IV seems in accordance with this expectation. The ion XII might 
be stabilized by isomerisation, giving a trioxenium ion Xlla, com-
parable to that (III) suggested in reactions of alkenyl orthoesters with 
two equivalents of an acid2. 
У^с, 
Vo 
I 
R 
(XII) 
R2 Q 
ν ν 
О О ^ 
\
С
' / 
1 
R 
(ХІІа) 
R2 О 
Ο Ò 
ι 
R 
(Xllb) 
However, the ion Xlla might also equilibrate with the carboxonium ion 
Xllb. This should lead to the same addition product X as obtained via 
XII, but by substitution other products, R'-CiOCOR^CHj and 
R^CHO, should arise. These have never been found in our reaction 
mixtures. Hence, the occurrence of a trioxenium ion as an intermediate 
in this reaction remains uncertain. 
A trioxenium ion"' such as Xlla can surely be expected as an intermediate in the reaction 
of methylenetnoxanes with acids. We found that treatment of 2,4-dimethyl-6-methylene-
tnoxane (XIX) with acetic acid at room temperature gives quantitatively di(l-acetoxy-
ethyl) ether (XX) m a strongly exothermic reaction. NMR studies using 20°,, solutions in 
CDCI3 showed that at low temperature (below -60°) the addition product XXI, which is 
only stable below -40° (Scheme 5), was formed quantitatively. 
7
 S Hunig, Angew. Chem. 76, 400 (1964); Angew. Chemie, Intern. Ed English 3, 
548 (1964). 
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C H W 
>\/ г ( — О ( CK с — о 
/ \
 и
* / \ СИ,СООН( Н·») / \ / С И , 
о с = с н ; . о " с - - С И , — a Ö . С ч ) С О С Н , 
С Н ; 
- f — о ' 
(XIX) 
- с — o s ' 
CH,^ X H (XXII) 
" С — о 
С И , " 
с - о - с - с н , 
О - о 
с н , " ' ^ н - Η » 
с н , - с о с о с н , 
о 
• с н , С -ОСОСНJ 
I 
Η 
(XX) 
( x x i ) 
[S] 
Finally, a brief remark may be made concerning the incidental occur­
rence of other side-products in reactions of l-alkenyloxyalkyl carboxy-
lates with acids. If R1 = H and R2 = /7-X-C6H4 (X = H, CHj, 
OCH3) in the parent compound, a cinnamic aldehyde XXIII also ap­
peared in the reaction mixture. The amount of this side-product was 
higher when a stronger acid was used (R = CH2C1) and when X was 
more electron donating (СНзО>СНз>Н). A possible explanation is 
given in scheme [6]. It was shown that condensation of an aliphatic 
and aromatic aldehyde, which might also explain formation of XXIII 
did not occur under the reaction conditions used. 
X - C H , O C H = C H , X - C t H . 
\ / H · N 
H OCOR 
(Va) 
C - ^ O COR + C H j C H O 
(Xllla) 
[<"] 
e / C « H « - X 
X - C , H 4 X Í - - C H - C H j - C i ^ 
Va + Xll la . С ROGO 
FT OCOR 
С 6 Н , - Х 
X l l l a + О С Н - С Н
г
- С - Н 
OCOR 
- R C O O H 
X - C 6 H t - C H = С Н - С Н О 
(ΧΧΠΙ) 
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Experimental 
In general, isolation and purification of reaction products was performed by distillation 
with 70 χ 1 2, 20 χ I 0 or 20 χ 0 8 cm Vigreux columns or with a spmnine band 
column (Normag) of 25 plates The use of other techniques is explicitely mentioned 
where appropriate 
Products were identified by NMR (Vanan HA-100 or Vanan T-60) from 10" solutions 
in carbon tetrachloride with TMS as internal standard A mass spectrum (Vanan-Mat-
SM1-B) was sometimes also recorded 
In view of the large number of new compounds prepared, only a small number of each 
type are listed in Table II and III Boiling points, refractive indices, NMR-data, and 
yields of preparations for many other examples from the various classes are available 
1) Synthesis of ß-chloroalkyl acetáis (Table II) 
a ß-Chloroalkyl acetáis of acetaldehyde, propionaldehyde and butyraldehyde were 
synthesized from the appropriate aldehydes and a ß-chloroalcohol in the presence of 
granulated calcium chloride8 
b ß-Chloroalkyl acetáis of benzaldehydes and chloroacetaldehyde were obtained via 
an acid catalyzed alcohol exchange from appropriate ethyl acetáis9 The products were 
isolated after neutralization of the reaction mixture with sodium methoxide 
с The ß-chlor-oethyl acetal of formaldehyde was obtained by refluxing a mixture of 
equimolar amounts of paraformaldehyde, ß-chloroethanol and ß-chloroethyl ortho-
formate in the presence of a catalytic amount ofyj-toluenesulfonic acid10 for 8 hours 
d 6-Bromomeihyl-2 4-dimethyltrioxane was prepared by slow addition of 0 6 moles of 
bromine to 1 mole of paraldehyde", in the presence of enough potassium carbonate to 
neutralize the hydrogen bromide formed, and at a temperature below — 10° The mixture 
was left until it was discoloured and the рц had increased to about 5 It was then filtered, 
and the filtrate distilled at reduced pressure, b ρ 780/14 mm, yield 75 , n™ 1 4626 
2) Synthesis of alkenyl acetáis IV (Table II) 
a Elimination of hydrogen chloride from ß-chloroalkyl acetáis was performed as 
described previously for ß-chloroalkyl orthoesters1 2 With acetáis of formaldehyde and 
acetaldehyde sodium hydride in diglyme was used and the alkenyl acetáis were directly 
distilled from the reaction mixtures With those of propionaldehyde, butyraldehyde, 
benzaldehydes and chloroacetaldehyde sodium hydride in 1,2-dimethoxyethane, to 
which some rm-butyl alcohol had been added, was used 
8
 Houben-Weyl, Methoden der Organische Chemie Georg Thieme Verlag, Stuttgart, 
1965 Band VI/3, ρ 204 
9
 Ref 8, ρ 250 
1 0
 Ref 8, ρ 222 
" A Stepanow, N Preobraschensky and M Schtschukma, Ber 59, 2533 (1926) 
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Table M 
Β ρ
 0C/mm yield 
δΗ„ 
p-Chloroalkyl acetáis. К^-СН.СОСНК'-СНзСОг 
Η 
сн3 
п-СН, 
СН 2 С1 
с 6 н 5 
л С І - С е Н « 
2,6-С1 2 -С 6 Нз 
Η 
СНз 
сн2а 
СНз 
СН 2 СІ 
СНз 
Η 
73°/1 7 
76°'0 8 
130°/0 1 
92°/0 5 
158°/0 2 
162°/0 8 
151°/0 1 
14550 
1 4492 
1 4799 
1 4706 
1 5322 
1 5188 
1 5450 
65",, 
4 5 " , 
35 X 
70 "і, 
80 ",, 
80?,, 
80 "о 
4 71 
4 85 
4 74 
4 77 
5 76 
5 75* 
6 05 
Alkenyl acetáis, I ^ - C H . Í O C R ^ C H ^ 
СН, 
CHj 
CHj 
CH2C1 
с 6 н 5 
^-С1-С6Н4 
2.6-С12-С6Нз 
С Н , 
С Н 2 О С Н з 
СН 2 С1 
СНз 
С Н 2 О С Н з 
СНз 
Η 
48° /26 
75°/0 6 
76°'0 2 
70°/16 
115°03 
95°'0 9 
93°,0 1 
1 4261 
1 4476 
1 4801 
1 4480 
1 5069 
1 5175 
1 5463 
70 °„ 
90 ",', 
40 \ 
70 Ζ 
55% 
75°,, 
80 0 0 
5 46 
5 56 
5 50 
5 40 
6 25 
6 12 
6 62 
* At both sides of the mam peak a small peak from diastereoisomers is present 
1,3-Dichloroisopropyl acetáis were converted into the corresponding 3-alkoxyiso-
propenyl acetáis with sodium alkoxide in alcohol With potassium hydroxide in water/ 
1,2-dimethoxyethane (1/1) the same starting compounds gave 3-chloroisopropenyl 
acetáis In the reaction between 1,3-dichloroisopropyl acetáis oí a benzaldehyde and 
sodium methoxide in methanol the dimethyl acetal of the benzaldehyde used was a 
substantial side-product 
b 2,4-Dimethyl-6-methylenetnoxane (XIX) was obtained by the addition of 0 1 mole 
or6-bromomethyl-2,4-dimethyltrioxane to a suspension of 0 13 moles of sodium hydride 
in 35 ml hexamethylphosphonamide The mixture was heated at 80° for four hours and 
then distilled at reduced pressure The fraction collected from 45 55° (40 mm) was 
redistilled, b.p 52° (48 mm), yield 40".,, n¿0 1 4265 The as-lrans mixture was not 
separated 
3) Reactions of alkenyl acetáis with carboxylic acid 
Syntheses of 1-alkenyloxyalkyl carboxylates V (Table III) and 1-acyloxyalkyl alkenyl 
acetáis VI 
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Anhydrous formic or acetic acid (0 055 moles), or a solution of 0 055 moles of chloro-
acetic acid in 10 ml of dry ether, was added dropwise to 0 05 moles of an alkenyl acetal 
over half an hour Volatile compounds (ether, acetaldehyde), if present, were evaporated 
at reduced pressure In most cases the reaction mixture was then heated at about 50° 
until the starting compound had for the most part ( > 90" ) disappeared The reaction 
times varied fron 1 to 36 hours, slow reactions (R = CHj R' = CH2OCH, or CHjCI, 
Scheme 2) could be catalyzed by addition of a small amount of tnfluoroacetic acid 
Reactions of compounds with R' = СНэ were performed at 20° In cases where 1-
acyloxyalkyl alkenyl acetáis VI were isolated as the main product, small amounts of 
1-acyloxyalkyl acetáis (VII) were obtained as side products Physical constants of some 
isolated mono-addition products VI are given below 
С1Н2С-СН(ОСН=СН2)ОСН(ОСОСНз)СНз b ρ 81°/14mm,nâ0=l 4376,yield50 ' , 
л-СзН7-СН(ОСН=СН2)-ОСН(ОСОН)СНз b ρ 78°/14mm, n¿0 = 1 4228, yield 50" , 
4) Synthesis of 1-acyloxyethyl acetáis of aliphatic aldehydes (VII) 
1-Acyloxyethyl acetáis can be isolated in good yields from reaction mixtures similar to 
those used in the foregoing procedure, but containing a vinyl acetal of an aliphatic alde-
hyde and 2 5 instead of 1 1 equivalent of an acid, e g 
Н 2 -С[0-СН(ОСОН)СНз] 2 b ρ 107°/16 mm, n¿0 14161, yield 80" , 
СІН 2С-СН[0-СН(ОСОН)СНз] 2 b p 1310/16 mm, n¿0 1 4386, yield 90", 
5) Synthesis of 1,1 -diacyloxy ethers12 (X) (Table III) 
a Reaction mixtures similar to those used in the reactions between alkenyl acetáis and 
acids were employed, using an alkenyloxyalkyl carboxylate instead of an alkenyl acetal 
Generally, best results were obtained at low reaction temperatures (0° for R1 = CH3, 
50° for R' = H, room temperature in other cases) Reaction times needed for at least 
90" conversion varied considerably, 2-36 hours with mono-chloroacetic acid, 2-72 
hours with formic acid, 6 hours - two weeks with acetic acid In general the fastest 
conversions were found for R1 = CHj and the slowest for R' = СН2ОСНз or CH2C1 
Higher temperatures or catalysis with tnfluoroacetic acid have to be avoided, however, 
in order to prevent formation of acylals Because the products can decompose during 
distillation at too high temperature, isolation and purification were performed at low 
pressure and in some cases by molecular distillation 
b 1-Acyloxyethyl acetáis (VII, R1 = H) can be converted into 1,1-diacyloxy ethers (Χ) 
by heating them with 0 5 equivalent of the acid corresponding with the acyloxy residue 
at 100-120° for 2 6 hours 
6) Synthesis of acylals of benzaldehydes (XI) 
1 1 Equivalents of a carboxylic acid were added to an 1-alkenyloxybenzyl carboxylate 
(V, R2 = p-XC6H4, R' / H) or 2 5 equivalents to an alkenyl acetal of benzaldehyde 
1 2
 For a simple synthesis of symmetrical 1,1 -diacyloxy ethers of the type 
R'-CHÍOCORÍOCHÍOCORJR1 (R1 is aliphatic) see ref 4 
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Table III 
R 2 ' R' Β ρ "C/mm 
1-alkenyloxyalkyl carboxylates, R ^ C H J O C R 1 
C H , 
C H 3 
СНз 
CHjCl 
с.н, Q H , 
C 6 H 5 
Р-а-Сь 
2,6-Cl 2-
H 4 
с
л
н
л 
Η 
Cl· 
CHjCI 
С Н 2 О С Н з 
H 
C H j 
С Н 2 О С Н з 
C H j 
H 
H 
CH 2 CI 
H 
H 
CH 2 C1 
C H j 
H 
СНз 
43ο/0 7 
530,'l 0 
74°'0 2 
9l°/i5 
76°/l 0 
1 1 3 o ' 0 4 
102o/0 3 
101°/0 2 
93° 0 1 
1 1 -diacyloxy ethers, R ' - C H ^ O C O R b O - C C H j t O C O R J R 1 
H 
C H j 
CH, 
CHj 
« - C J H , 
C 6 H 5 
Q H , 
p - C I - C ( H* 
г.б-сіг-с^н, 
H 
H 
C H , 
C H 2 O C H j 
С Н 2 О С Н з 
H 
СНз 
H 
СНз 
C H , 
H 
H 
CH 2 C1 
H 
СНз 
CH 2 C1 
CH 2 C1 
C H , 
C H , 
C H j 
H 
H 
80°/15 
106° Ό 6 
56°Ί 5 
81°/1 3 
** 
136°'l 3 
69° Ό 1 
1I7M 1 
108°/0 1 
Φ * 
120°'0 1 
1 4142 
1 4540 
14190 
1 4246 
14590 
14698 
1 4365 
1 4823 
14842 
1 5155 
1 5238 
75 "„' 
75 "o 
65'Ό 
8 0 " . 
50 " , 
70 *'„ 
80 "„ 
60°,; 
65'Ό 
50"., 
80% 
5 40 
6 13 
6 41 
6 28 
631 
6 13 
6 28 
6 83 
7 09 
7 23 
7 52 
The main peak is accompanied by a small peak due to diastereoisomers 
Isolated by molecular distillation at ~40° < 1 0 " 1 mm 
(IV, R 2 = p-XC^H«, R' / H), and the mixture was heated to 50° for about 2 hours for 
R' = C H j , or about 12 hours for R 1 = С Н 2 О С Н з , in this way we isolated, eg 
Q H j - C H C O C O H h b ρ 80ο/0 1 mm, ni" 1 5065, yield 70" ,, 
/>-С1С 6 Н 4 -СН(ОСОН) 2 b p 121 °/l 5 mm, n¿0 1 5261, yield 60",. 
7) Decomposition of 1,1'-diacyloxy ethers (X) 
Pure 1.1 -diacyloxy ethers were heated at such a pressure that the acid eliminated eva-
porated from the reaction mixture at a suitable rate Temperatures were 100 120° for 
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R1 = СНз and about 200° for R1 = H Elimination products R2CH(OCR1=CH2)OCOR 
could be isolated by distillation and redistillation, eg 
СН2С1-СН(ОССНз=СН2)ОСОН b p 68° 15 mm, ng0 1 4416, yield 80 ", 
СНз-СН(ОССНз=СН2)ОСОСНз b p 96°/18 mm, и^0 14149, yield 70",,. 
Н-СН(ОСН=СН2)ОСОСНз b p 75°'100 mm, M¿0 a 4105, yield 60" 
To obtain elimination product of general structure R2-CH(OCCH3=CHOCH3)OCOR 
(XVIII) appropriate 1,1 -diacyloxy ethers were heated at slightly lower temperatures 
(90° for R = H or CH2CI. 100° for R = CHj) until the starting compound had dis-
appeared (3-9 hours) By distillation of the residue acylals XI, as well as the alkenyloxy-
alkyl carboxylates R2CH(OCCH3=CHOCH3)OCOR, could be isolated The latter 
compounds could not be separated completely from traces of acylals XI and 1-alkenyloxy-
alkyl carboxylates V, even with a spinning band column, but their purity was at least 90",, 
Boiling points were about the same as those of their isomers XVII 
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C H A P T E R V I I 
REACTIONS INVOLVING TRIOXENIUM IONS. 
In chapter IV we formulated a trioxenium ion 
as a possible intermediate in the reactions of di-
alkenyloxyalkyl carboxylates with carboxylic acids, 
Until now this type of intermediate has not been 
mentioned in the literature. Therefore, we attemp­
ted to prepare some simple compounds from which 
trioxenium ions might arise in another unequivocal 
way in order to carry out some preliminary experi­
ments concerning their chemical behaviour. 
Attractive starting compounds for such an in­
vestigation appeared to be methylene-trioxane de­
rivatives such as I, II and III which in the pre-
J:H 2 y<n 2 y-n
 2 
СИ 2 СИ 
У
 N
o V "О Н,С «С "о 
ι 4 w 
Π Сп 2 СН2 
I II III 
sence of acids will certainly be protonated on the 
double bond giving rise to a trioxenium ion IV. 
< v~ 
1
 IV 
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To get a good insight into the chemical behaviour 
of this interesting cation its reactivity has then 
to be investigated in relationship to the nature of 
the substituents R1 and R2. 
By bromination of paraldehyde at -10 С three 
bromomethyl trioxane derivatives of general formu­
la V could be obtained. 
Ί 
R> z 0 — c^-CH2Br
 V a > R 1 = R 2 = C H 3 
H/\_C¿_RÍ Vb, Rl = CH3, R2 = CH2Br 
,!, Vc, R1=R2 = CH2Br 
V 
With sodium hydride in hexamethyl phosphonami-
de, they were subjected to elimination of hydrogen 
bromide. In this way we obtained la (I, R1=R2=CH3) 
from Va and H a (II, Р^СНз) from Vb. 
By chlorination of paraldehyde at room tempe­
rature, chloromethyl trioxane derivatives corres­
ponding to V could also be obtained. From these 
chloro derivatives hydrogen chloride could not be 
eliminated with sodium hydride in hexamethyl phos-
phonamide. This difference between chloro and bro­
mo compounds might possibly be used to synthesize 
compounds I and II in which R1 and R2 represents 
a CH2CI group. 
The compounds la and IIa showed an extremely 
high reactivity towards carboxylic acids. If the 
reactants were mixed at room temperature, a strong­
ly exothermic reaction took place. 
The reaction was followed by NMR with CDCI3 
as solvent (concentration of the reactants about 
20%) . 
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It appeared that la with one equivalent of a-
cetic acid at -40 С gives rise to an addition pro­
duct (VI) which at room temperature rapidly decom­
poses into a 1,1'-diacyloxy ether (VII) according 
to eqn. (1). With formic acid an analogous reac­
tion was found. 
H J C - C - O 4 н,с7с-сч H H 
О О С Н
г
 • СНзСОСН • 0 С' » H j C — С — 0 — С — C H j ( 1 ) 
H j C — С О Н 3 С — С 0 о с : о с н э HjCCOQ DCQCHj 
H H V I I 
l a V I 
The reaction of la with methyl alcohol was per­
formed in CCli^  as solvent. Also in this case an ad­
dition product was obtained. However, as could be ex­
pected1'2 this compound did not decompose, even when 
heated to 80 С for two hours. 
Treatment of IIa with two equivalents of acetic 
acid below -20 С gave a di-addition product (VIII) 
which at room temperature decomposed into the diace-
tate of acetaldehyde (IX) and acetic anhydride (X) 
according to eqn. (2). 
сиг снэ Hj^ocacHj 
HjC a — с НзС о—с-ососнэ с ix 
\ \ · гСНэСООН » С О » Н ОСОСНз (2) 
н
/ N o — с н а — с — о с о с н э 
\ н 2 снэ снз-с-о-с-снз χ 
Н е VIII о о 
The analogous reaction of IIa with formic acid 
gave a better insight into the decomposition step: the 
di-addition product XI formed at -40 C, again yiel-
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ded the diacetate of acetaldehyde (IX) and the de­
composition products of formic anhydride (XII), viz. 
carbon monoxide and formic acid, which suggest the 
following route (eqn. 3). 
СНз СНэ 
HjC D C — OCOH НэС 0 Ç—OCOH H3C OCOCHj о 0 
\ ' 0 » С OCOH 3» С • H-C-0-C-H (3) 
Н О С—OCOH H 0—C-0 H OCOCH3 
¿Нз ¿Нз XII 
XI XIII IX 
The supposed intermediate diformate (XIII) could 
not be detected by NMR in the reaction mixture. The 
instability of such compounds has already been men­
tioned in the literature3 5. 
The reactions (1), (2) and (3) show that the 
ring in trioxenium ions very easily splits up, qui­
te comparable to the behaviour of dioxolenium and 
dioxenium ions 1" 2. 
To study the reactivity of a trioxenium ion 
containing an alkoxy substituent, the reaction of 
IIa with two equivalents of methyl alcohol was in­
vestigated. It appeared that a-acetoxyethy1 dime­
thyl orthoacetate (XIV) was predominantly formed at 
room temperature. An intermediate mono- or di-addi-
tion product could not be detected in the reaction 
mixture. On standing one day at room temperature XIV 
had disappeared leaving methyl acetate and acetalde­
hyde as the main products. The reactions which are 
very sensitive to acid catalysis can be described 
as in the following scheme (eqn. 4). 
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C H , // 
НчС О С H CH, 
\ / \ Не I I 3 
С 0 • 2СНзОН ^ > Н 3 С - С - О - С - О С Н 3 / \ / 3 ι ι 3 
H D С НзССОО ОСНз 
\ Н 2 
Н а XIV 
OCH, О 
н» ' " 
XIV ^ > H3C-C-OCQCH3 > 2 С Н з - С - 0 С Н з 
с н 3 - с ^
 а с н
з 
М
 XV XVI 
(4) 
A conversion of compounds such as XIV into XV and 
acetaldehyde has already been described in chapter 
II for a-alkoxy and a-cyano substituted orthofor-
mates. Furthermore, it is known that a-acetoxy sub­
stituted orthoformates, such as Η-C(OR)2"0CH(OCOCH3)CH3, 
are in equilibrium with acetaldehyde and dialkoxyme-
thyl acetate, Η-C(OR)2OCDCH36. The homologue XV will 
be less stable than a dialkoxymethy1 acetate and de­
composes into methyl acetate . 
The conversion of IIa into XIV can be compared 
to the isomerization of the trioxenium ion Vllb in­
to VIIc as given in the reation scheme for reactions 
between dialkenyloxyalky1 carboxylates and carboxy-
lic acids in chapter IV. Whereas the attack of the 
acid in VIIc is at С (chapter IV), the addition of 
methyl alcohol in this case occurs at the carbonium 
centre leading to the product XIV (eqn. 4). 
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E X P E R I M E N T A L * 
2J4-Dimethyl-6-bromomethyl trioxane (Va) was prepa­
red from paraldehyde and bromine. The exper imenta l 
c o n d i t i o n s and p h y s i c a l c o n s t a n t s have been given 
in c h a p t e r VI. 
2-МеЫгуІ-4)6-Ыз-ЬгототеЫгуІ trioxane (Vb) and 
2,4,6-tx>is-bvomomethyl trioxane (Va), were prepared 
from paraldehyde and bromine via a procedure d e s c r i ­
bed by Stepanow et. al. 8 
Vb: b.p. 72D/0.3 mm, n^O 1.508Θ, yield 70%. 
Vc: b.p. 106O/0.5 mm, m.p. 1D3-105OC, yield 30%. 
2,4-Dimethyl-6-ahloromethyl trioxane was prepared by 
passing a stream of 1.25 equivalents of chlorine slow­
ly into paraldehyde (pure) at room temperature. Then 
a stream of nitrogen was led through the mixture to 
remove the hydrogen chloride formed and the mixture 
was distilled at reduced pressure. 
B.p. 70°/17 mm, yield 60%. 
2-Methyl-4,6-bis-chloromethyl trioxane was synthesi­
zed via a similar procedure to that described above, 
using 2.5 equivalents of chlorine. 
B.p. 108O/17 mm, yield 60%. 
* With the technical assistance of Mr. R.W.M. Aben. 
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Bj4-Dimethyl-6-methylene trioxane (Ia) was obtained 
from Va by elimination of hydrogen bromide with so-
dium hydride in hexamethyl phosphonamide. For expe-
rimental details see chapter VI. 
2-Methy1-4¡S-dimethylene trioxane (IIa) was obtain-
ed by addition of 0.1 mole of Vb to a suspension of 
0.3 mole of sodium hydride in 40 ml of hexamethyl 
phosphonamide. The mixture was heated at 100 С for 
two hours and then distilled at reduced pressure. 
B.p. 50O/56 mm, ngO 1.4535, yield 45%. 
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C H A P T E R V i l i 
SURVEY OF THE SYNTHESES AND PHYSICAL CONSTANTS OF 
ORTHOESTERS, ACETÁIS AND THEIR REACTION 
PRODUCTS WITH CARBOXYLIC ACIDS. 
$-Chloroalkyl orthoesters, R3-C[OCHR1-CHC1R2]3, 
Table I. 
Prepared by transesterifi cation of an ethyl 
orthoester with a ß-chloroalcohol (p. 16 and p. 28). 
B-Chloroalkyl acetáis, R2-CH(OCHR1-CH2CI)2, Table II. 
From an aldehyde and a ß-chloroalcohol or by 
exchange of ethoxy groups in an ethyl acetal with a 
ß-chloroalcohol (p. 50). 
Alkenyl orthoesters, R3-C(OCR1=CHR2)3, Table III and 
alkenyl acetáis, R2-CH(OCRl=£H2)2, Table IV. 
By elimination of hydrogen chloride from the 
corresponding 3-chloroalky1 compounds via several 
procedures. 
Method 1. Elimination with sodium hydride in 1,2-
dimethoxyethane to which some tert.-butyl alcohol 
had been added was used for ß-chloroethy1 and -iso-
propyl compounds (p. 17 and p. 5G), except for the 
ß-chloroethyl acetáis of acetaldehyde and formalde-
hyde which were eliminated with sodium hydride in 
2,2'-dimethoxy diethyl ether (p. 5D). The elimina-
tion of 3-chloro-sec.-buty1 orthoformate was also 
performed via the latter procedure (p. 29). 
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Method 2. 1,3-Dichloro-2-propy1 orthoformate or a-
cetal, treated with an alkoxide dissolved in the 
corresponding alcohol, delivered an elimination-
substitution product; 3-alkoxy-2-propenyl ortho-
formate (p. 30) or acetal (p. 51). 
Method 3. When the 1,3-dichloro-2-ргору1 compounds 
were treated with potassium hydroxide in water/1,2-
dimethoxyethane (1:1), 3-chloro-2-propenyl ortho-
formate (p. 3G) or acetal (p. 51) was obtained in 
a slow reaction. 
Dialkenyloxyalkyl carboxylates, R3-C(DCR1=CHR2)2OCOR, 
Table V. 
From alkenyl orthoesters and one equivalent of 
a carboxylic acid. Reaction conditions are given in 
chapter IV, table IV, p. 3G. 
Ketone aoylals, R 1-C(CH 2R
2)(0C0R) 2, Table VI. 
From dialkenyloxyalkyl carboxylates and car­
boxylic acids, if R1 in the starting compound is 
not electron withdrawing ; when R1 in the starting 
compound is an electron withdrawing group then ke­
tone acylals can be obtained, if the carboxylic a-
cid used is not a weak one; with acetic acid no ke­
tone acylals were obtained in this case (see chap­
ter IV, table I, p. 23). For reaction conditions 
see chapter IV, table V, p. 31 . 
Alkenyl esteva, R3-C0-QCR1=CHR2. Table VII. 
From dialkenyloxyalkyl carboxylates and a car­
boxylic acid (p. 31 and p. 40). 
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1-Alkenyloxyalkyl aarboxylates, R2-CH(OCR1=CH2)0CQR, 
Table VIII. 
From the reaction of an alkenyl acetal and one 
equivalent of a carboxylic acid, if R2 in the star-
ting compound is a not strongly desactivated aryl 
group or if R1 in the starting compound is electron 
withdrawing (see chapter VI, table I, p. 44). For 
reaction conditions see p. 51. The title compound 
can also be obtained via thermolyses of a l.l'-di-
acyloxy ether (p. 53). 
1-Aayloxyethyl vinyl acétala, R2-CH[OCH(OCOR)CH3]0CH=CH2, 
T a b l e IX. 
From a vinyl acetal of an aliphatic aldehyde 
and one equivalent of a carboxylic acid (p. 51). 
1-Acyloxyethyl acetáis, R2-CH[OCH(OCGR)CH3]2. Tab le X. 
From a vinyl acetal of an aliphatic aldehyde and 
two equivalents of a carboxylic acid or from a 1-acy-
loxyethyl vinyl acetal with one equivalent of a car-
boxylic acid (p. 52). 
Acylals of aldehydes, R ' -CH(DCOR)2, Table XI. 
Acylals of acetaldehyde were obtained from di-
vinyloxyalkyl carboxylates and a carboxylic acid 
(p. 31). Acylals of benzaldehydes arose from 2-pro-
penyl or 3-alkoxy-2-propenyl acetáis of benzaldehy-
des and two equivalents of a carboxylic acid (p. 52). 
l,l'-Diacyloxy ethers, R2-CH(OCDR)-OCR1(OCOR)CH3, 
Table XII. 
From a 1-alkenyloxyalkyl carboxylate and one 
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equivalent of a carboxylic acid at a reaction tem­
perature below about 50 С (p. 52). If R2 in the 
starting compound is an activated aryl group seri­
ous side products are formed (p. 49). Treatment of 
a 1-асу loxyethyl acetal with a carboxylic acid at 
elevated temperature delivers the same type of com­
pounds (p. 52) . 
TABLE I 
3-СН1огоа1ку1 orthoesters, R 3-C(OCHR 1-CHCIR 2] 
RS 
H 
H 
H 
H 
CH3 
СНэ 
СНгВг 
СНВгг 
CeHs 
QCH2CH2C1 
Ri 
H 
CH3 
CH3 
CH 2C1 
H 
CH3 
H 
H 
H 
H 
R2 
H 
H 
CH3 
H 
H 
H 
H 
H 
H 
H 
Bp C/mm 
125O/0.9 
107O/0.6 
119-1210/G.5 
163-1Б5О/0.2 
1220/1.4 
110O/0.4 
13BO/0.6 
150-152Ο/0.6 
165-16θ0/ϋ.7 
136Ο/0.1* 
η
2 0 
nD 
.46B5 
.4622 
.4638 
.5020 
.4720 
.4608 
.5060 
.5280 
.5212 
~ 
yield 
80% 
86% 
70% 
80% 
7 5% 
65% 
40% 
15% 
70% 
20% 
δ-HCR3) 
5.35 
5.46 
5.42 
5.50 
1 .51 
1 .52 
3.72 
5.69 
-
~ 
* M.p. Б0-61ОС. 
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TABLE II 
ß-Chloroalkyl acetáis, R2-CH (OCHR 1-CH2CI)
г 
Ri 
H 
CH3 
СНэ 
СНз 
C2H5 
п-СзН 7 
W-C3H7 
СН
г
С1 
СН 2С1 
СНгСі 
CeHs 
СбНз 
CeHs 
P-Cl-CgH-
р-СІ-СбНц 
p-Cl-СбН,, 
р-НзС-СбНц 
р-НзС-СбН^ 
р-НзСО-СбНц 
2,6-С12-С6Нз 
R1 
H 
H 
СН3 
сНгСІ 
H 
H 
CH2C1 
H 
CH3 
CH 2C1 
H 
СНз 
сНгСІ 
H 
CH3 
СН 2С1 
H 
СН 2С1 
H 
H 
Вр
 DC/mm 
730/1.7 
1О/0.6 
76Ο/0.θ 
115Ο/0.1 
75 ο/0.2 
76ο/0.3 
130ο/0.1 
92Ο/0.3 
92 Ο/0.5 
139ο/0.5 
1420/1.7 
120Ο/0.2 
15θο/0.2 
160Ο/2.0 
/162Ο/0.θ 
178Ο/0.7 
142Ο/0.6 
172Ο/0.3 
170ο/0.4 
151Ο/0.1 
^ 
1 .4550 
1.4532 
1.4492 
1.4Β90 
1.4527 
1.4541 
1.4799 
1.4760 
1 .4706 
1.5061 
1.5196 
1 .5060 
1.5322 
1.5310 
1.51ΒΘ 
1.5354 
1.5174 
1.5306 
1.5224 
1.5450 
yield 
65% 
50% 
45% 
40% 
60% 
55% 
3 5% 
90% 
70% 
70% 
90% 
65% 
60% 
90% 
80% 
75% 
7 5% 
7 0% 
65% 
Θ0% 
δ-Η 
α 
4.71 
Ί.58 
4.85· 
4.76 
4.45 
4.52 
4.74 
4.74 
4.77* 
4.93 
5.55 
5.67' 
5.76 
5.60 
5.75* 
5.78 
5.58 
5.75 
5.57 
6.05 
* The main absorption (given) is accompanied by side 
absorptions due to diastereoisomers. 
TABLE III 
Alkenyl ürthoesters, R3-C(OCR l=CHR2)3 
R3 
H 
H 
H 
H 
H 
H 
H 
CH3 
C6H5 
R1 
H 
CH3 
СНз 
CH2OCH3 
CH20C2H5 
СН20СН(СН
Э
)2 
СНгСі 
H 
H 
R2 
H 
H 
CH3 
H 
H 
H 
H 
H 
H 
Bp 0C/mm 
3B 0/13 
72 0/14 
75-77O/0.8 
115O/0.1 
123D/0.2 
125Q/0.1 
120O/0.2 
43 0/1θ 
6Βο/0.2 
" S 0 
1.4313 
1.4361 
1.4610 
1.4595 
1.4527 
1.4520 
* * 
1.4355 
1.5065 
yield 
70% 
65% 
50% 
90% 
90% 
60% 
45% 
70% 
7 0% 
δ-HCR3) 
5.65 
5.99 
5.94* 
6.06 
6.05 
6.05 
6.15 
1 .64 
-
* The main peak is accompanied by small peaks at 6 5.99 and S 5.67 ppm. 
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TABLE IV 
A l k e n y l a c e t á i s , R2-CH 10CR1=CHZ)Z 
R2 
H 
CH3 
СНз 
CHj 
CHj 
СНз 
С2 Н5 
?г-СзН7 
п-СзН7 
СН2С1 
СН2С1 
СН2С1 
CeHs 
CeHs 
CeHs 
p-Cl-C6H4 
р-С1-С6Н^ 
р-НзС-СбН,» 
р-НзС0-С6Н4 
2,6-С12-С6Нэ 
Ri 
H 
H 
сн3 
СН2ОСНз 
СН20С2Н5 
СН2С1 
H 
H 
СН2ОСНз 
H 
СНз 
СН20СНэ 
H 
СНз 
СН20СНз 
H 
сн3 
H 
H 
H 
Вр
 0C/nm 
Θ90 
103° 
4В0/2Б 
750/Q.6 
75Ο/0.2 
76Q/0.2 
3B0/16 
44D/17 
780/Q.2 
480/15 
70O/16 
95O/0.2 
1C30/17 
72c/0.4 
115o/0.3 
96D/1.4 
95O/0.9 
880/1 .5 
90D/0.4 
93D/0.1 
n 2D 0 
.4158 
.4192 
.4261 
4476 
4442 
4801 
4239 
4248 
.4534 
.4470 
4480 
4622 
.5138 
5064 
5069 
5271 
.5175 
.5122 
5229 
5463 
yield 
80% 
80% 
7 0% 
90% 
95% 
40% 
70% 
75% 
85% 
60% 
7 0% 
80% 
85% 
83% 
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7 0% 
75% 
7 0% 
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5 
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H 
H 
H 
H 
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СНэ 
CHj 
CH3 
CeHs 
CeHs 
C6H5 
СИгОСНэ 
CH2OCH3 
CH2OCH3 
СН2ПСН3 
CHjOCzHs 
СН20С2Н5 
СН20С2Н5 
СНгОСгНг 
СН20СН(СНз)2 
СН20СН(СНз)2 
СНгОСНССНзІг 
СН20СН(СНэ)2 
СН2С1 
СН2С1 
СН2С1 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
h 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH2C1 
CHC1 2 
CF3 
CH3 
H 
CH2C1 
CHC1 2 
CH3 
H 
сн2сі 
CHC1 2 
H 
CH2C1 
СНС12 
CH 3 
H 
CH2C1 
СНэ 
H 
СНС12 
930/Q.1 
117O/0.4 
116o/0.2 
74O/0.2 
1ü3o/0.2 
92O/0.1 
1120/Q.1 
119O/0.1 
111O/0.4 
1П4О/0.3 
132o/0.3 
1290/ü.2 
95O/0.3 
117O/0.2 
127O/0.6 
720/1θ 
Β10/1θ 
620/D.9 
7θΟ/0.2 
740/ϋ.3 
112ο/0.7 
1.4494 
1.4624 
1.4573 
1.4043 
1.4430 
1.4452 
1.45Θ2 
1.4624 
1.442a 
1.4427 
1.454a 
1 .45Θ6 
1.4839 
1 .4958 
1 .4961 
1.4294 
1.4328 
1 .4523 
1.5036 
1.5070 
1.5110 
90% 
86% 
90% 
80% 
87% 
aa% 
81% 
85% 
85% 
86% 
83% 
78% 
76% 
7 8% 
84% 
68% 
62% 
71% 
60% 
60% 
58% 
6.97 
6.94 
6.93 
7.03 
6.89 
6.93 
6.90 
6.91 
6.93 
7.00 
6.95 
6.91 
7.04 
Б.95 
6.94 
1.92 
1.95 
1 .99 
-
-
-
* At both sides of the main peak a small peak from diastereoisomers is present. 
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TABLE VII 
Alkenyl esters, F^-CO-OCR^CHR2 
R3 
H 
H 
H 
H 
H 
H 
H 
CeHs 
CeHs 
Ri 
CH3 
СНз (aie) 
CH3 (träne) 
СН20СНз 
СНгОСгНд 
СН20СН(СНз)2 
СНгСІ 
H 
СНз 
R2 
H 
СНз 
СНз 
H 
H 
H 
H 
H 
H 
Bp 0C/mm 
60° 
103° 
104° 
48 D/17 
580/17 
62 0/15 
46 0/13 
Θ3 0/15 
67D/0.9 
^
0 
1.3990 
1 .410 
}* 
1 .419 
1.4230 
1.4222 
1 .4210 
1.4520 
1.5213 
1.5078 
yield 
90% 
70% 
Θ5% 
80% 
7 5% 
Θ0% 
7 0% 
70% 
* The assignment of the physical constants to the isomers is 
tentative. 
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TABLE IX 
1-Acyloxyethyl vinyl acetáis, R2-CH
a
[ОСН(ОСОР)СНз] 0CH = CH2 
R2 
H 
СНз 
п-СзН 7 
СН 2С1 
СН 2С1 
R 
H 
H 
H 
СНз 
H 
Вр
 0C/mm 
920/71 
540/15 
78 0/14 
81 0/14 
920/16 
^
0 
1.4154 
1.4160 
1.4228 
1.4376 
1.4431 
yield 
50% 
50% 
4 5% 
50% 
45% 
«"На* 
4.98 
5.10 
5.02 
5.17 
5.18 
* The average shift of the diastereoisomers. 
TABLE X 
1-Acyloxyethyl acetáis, R2-CHa[OCHCOCOR)CH3]2 
R2 
H 
CH3 
*-СзН 7 
п-СзН 7 
СНгСІ 
СН 2С1 
R 
H 
H 
CH3 
H 
СНз 
H 
Вр
 0C/mm 
107O/16 
950/16 
1190/14 
109Ο/14 
94ο/1.0 
1310/16 
^
0 
1.4161 
1.4148 
1.4180 
1.4192 
1.4284 
1.4386 
yield 
80% 
60% 
7 0% 
60% 
90% 
S0% 
в-н
а
· 
4.66 
4.98 
4.82 
4.90 
5.07 
4.97 
• The average shift of the diastereoisomers. 
TABLE XI 
Aldehyde acylals, Р^-СН (0CGR)2 
R> 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
C6H5 
C6H5 
СбНз 
С6Нц 
СбНі, 
-ρ-
-ρ-
-Cl 
•Cl 
R 
H 
CH2C1 
СНС12 
CC13 
CeHs 
CgH^-p-Cl 
СНз 
H 
CH2C1 
СНз 
H 
вр 
175° 
0C/mm 
52 0/15 
62ο/0.9 
96Ο/0.6 
120°/0.1 
140Q/0.2 
-160O/0.5 
β7Ο/0.3 
0о/0.1 
135Ο/0.2 
130o/D.9 
1210/1.5 
n ê 0 
1.3928 
1.45Θ2 
1.4750 
-
* 
* * 
1.4948 
1.5065 
1.5225 
* 
1.5261 
yield 
60% 
80% 
7 5% 
50% 
70% 
50% 
80% 
70% 
60% 
60% 
60% 
δ-Η
α 
6.86 
6.87 
6.95 
6.97 
7.28 
7.23 
7.63 
7.76 
7.63 
7.49 
7.74 
* Solidefies. 
• M.p. 91-930C. 
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n-CjHy 
п-СэН7 
n-CjHy 
СН2С1 
СНгСІ 
СН2С1 
СН2С1 
CHaCl 
СН2С1 
СбН5 
СбН5 
CeHs 
р-С1-С6 
Р-СІ-С6 
p-HjC-C 
р-НзСО-
2,В-С12 
2,6-С12 
Нц 
Нц 
6 Н 1» 
СбН^ 
-С6Нз 
-СбНз 
сн2 
сн2 
сн2 
H 
H 
H 
СНз 
СНз 
сн2 
H 
H 
СНз 
H 
СН3 
H 
H 
H 
H 
OCH3 
OCH3 
GCH3 
OCH3 
СНз 
H 
CH 2C1 
CH3 
H 
CH 2C1 
CH3 
H 
H 
CH3 
H 
CH3 
CH3 
H 
СНз 
СНз 
СНз 
H 
91o/0.7 
82O/0.1 
* · 
76o/1.0 
76O/0.5 
1360/1.3 
69O/0.1 
71o/0.1 
115O/0.1 
1170/1.1 
97ü/0.4 
10θΟ/0.1 
130ο/1.0 
* * 
110O/D.3 
132O/0.5 
130O/0.1 
120O/0.1 
.4280 
.4331 
4590 
.4317 
.4369 
.4698 
.4365 
.4443 
.4503 
.4823 
.4980 
.4842 
.4942 
.5155 
.4846 
.4960 
.5076 
.5238 
80% 
75% 
50% 
80% 
6 5% 
70% 
80% 
6 5% 
7 5% 
60% 
40% 
6 5% 
5 0% 
50% 
40% 
50% 
80% 
80% 
6.15 
6.30 
6.31 
6.00 
6.14 
6.13 
6.28 
6.44 
6.43 
6.83 
6.95 
7.09 
7.06 
7.23 
6.92 
7.02 
7.33 
7.52 
* The absorption is sometimes broadened or doubled due to diastereoisomers. 
** Isolated by molecular distillation at ^40 C/<10 mm. 
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S A M E N V A T T I N G 
Bij een onderzoek betreffende het mechanisme 
van de acetaalvorming met behulp van orthoformia-
ten is gebleken dat α-gesubstitueerde orthoformi-
aten (I, met X = GR] onder invloed van een kata-
lytische hoeveelheid zuur ontleden in een ortho-
formiaat (II, met X = DR) en een carbonyl verbin­
ding (III) volgens (1) (hoofdstuk II). 
OR X 
H-C-0-C-R 2 • 
1
 ' . 
OR R' 
il 
OR 
I 
H-C-X 
I 
OR 
II 
R^CO-R2 (1) 
III 
Dp grond van dit onderzoek kon het voorkomen van 
I (X = OR) als een intermediair bij de acetaal­
vorming (volgens Claisen) uit aldehyden of keto-
nen met orthoformiaten worden uitgesloten. 
Van deze ontledingsreaktie (1) wilden we ge­
bruik maken voor de bereiding van verbindingen II, 
met X i" DR, die via andere, bekende procedures niet 
of moeilijk toegankelijk zijn. 
Een synthese van I uit dialkoxymethylacetaat, 
H-C(DR)2OCOCH3, en een α-gesubstitueerde alkohol, 
H0-C(X)R1R2, is echter slechts beperkt toepasbaar 
omdat laatstgenoemde verbindingen in het algemeen 
niet bestendig zijn. Daarom hebben wij de bruik­
baarheid van addities aan verbindingen van het type 
H-C(0R)20CH=CH2 (IV) onderzocht. Zulke gemengde or-
thoformiaten reageren inderdaad met carbonzuren tot 
verbindingen II waarin X een carboxylaatrest is. 
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Met waterstofehloride of broom ontstaan de ontle-
dingsprodukten van II (een alky Iformiaat en een 
alkylhalogenide) . 
Indien de alkylresten (R) in IV worden ver­
vangen door arylgroepen, resulteert de reaktie 
van IV met waterstofchloride of-bromide wel in 
stabiele, isoleerbare verbindingen II (X is halo-
geen); H-C(OCgHs)2Br werd op deze wijze voor het 
eerst gesynthetiseerd. 
Een zelfde resultaat werd verkregen met tri-
vinylorthoformiaten (IVa, IV, R is vinyl). Zowel 
met waterstofchloride als met carbonzuren reage­
ren deze verbindingen volgens (2) (hoofdstuk III). 
Н-С(0СН-СН2)з • HX > H-C(0CH = CH2)2X • CH3-CD-H (2) 
IVa Hai X-Cl of carbaxylaat 
Nadat in oriënterende experimenten was aange-
toond, dat de aldus verkregen verbindingen IIa met 
een volgend equivalent van een carbonzuur interes-
sante nieuwe verbindingstypen gaven, werd besloten 
de reaktiviteit van een grotere verscheidenheid 
van alkenylorthoesters, R3-C(OCR1=CHR2)3 (VIII) 
t.o.v. zuren uitgebreider te onderzoeken. We heb-
ben ons daarbij voornamelijk beperkt tot reakties 
met de organische zuren, CH3CDOH, HCOOH, CH2CICOOH 
en CHC12C00H. 
Voor de synthese van alkenylorthoesters werd 
gebruik gemaakt van de door zuur gekatalyseerde om-
estering van een ethylorthoester (V) met een ß-chloor-
alkohol (VI) waarbij ß-chlooralkylorthoesters (VII) 
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worden gevormd (3) 
н
в 
R3-C(OEt)3 * SHOCHR'-CHCIR
2
 »• R3-C(0CHR1-CHCIR2 ) 3 * 3Ε,.0Η (3) 
V VI VII 
Door eliminatie van waterstofchloride kunnen 
hieruit alkenylorthoesters (VIII] worden bereid. 
Afhankelijk van de aard van R1 in VII zijn verschil­
lende basen voor de eliminatie gebruikt. In het ge­
val R1 is Η of CH3, werd geëlimineerd met natrium-
hydride en natrium tert-butoxide (4) (hoofdstuk III 
en IV). 
tert. 
Rä-CmCHR'-CHClR 2^ NaH' NaQBU *• Rä-CtQCR^CHR^s (4) 
Vila, Rl =H of CH3 Villa 
De eliminatie van 1,3-dichloorisopropylortho-
formiaat (Vllb, VII met R^CI^Cl en R2 = R3=H) kon 
reeds met waterige KOH of met alkoholaten (RO ) 
worden uitgevoerd; in het eerste geval had alleen 
eliminatie plaats (-»• VlIIb), in het tweede geval 
werd bovendien het chlooratoom, in de allyl-posi-
tie, vervangen door een alkoxygroep (-»• Ville) vol-
gens (5] (hoofdstuk IV). 
H-c fc D-C-4 s - * H-C O-C »• H-C D-C I ( 5 ) 
CH 2 Cl / 3 o f DH ^ Ч С Н 2 С і / з \
 S CH 2 0R/3 
Vllb І І І Ь V i l l e 
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Reakties van alkenylarthoesters (VIH] met 
een equivalent carbonzuur (hoofdstuk III en I\l) 
resulteren steeds in substitutie van een alke-
nyloxygroep door een carboxylaatrest volgens (6). 
Een dialkenyloxyalkylcarboxylaat (IX] kon steeds 
in goede opbrengst worden geïsoleerd. 
OCR^CHR2 
F^-C-DCR^CHR 2 
QCR^CHR2 
V I I I 
OCR^CHR2 
RCQOH >• R3 -C-0C0R 
OCR^CHR2 
IX 
R 1 -C0-CH2R 2 (61 
De invloeden van de substituenten R1, R2 en 
R3 en van het gebruikte zuur op de snelheid van 
deze omzetting werd qualitatief onderzocht door 
de produktvorming met NMR te volgen. De verkregen 
gegevens zijn in overeenstemming met een reaktie 
via een dialkenyloxyalkylearboxonium ion, 
R3-C"-;^(0CRI =CHRZ ) 2 • Er zijn aanwijzingen verkregen 
dat protonering van een dubbele band in de uitgangs-
stof betrokken is bij de sneIheidsbepalende stap. 
Het mengsel van fragmentâtieprodukten dat ont-
staat als aan de geïsoleerde diaIkenyloxyalkyIcar-
boxylaten (IX] opnieuw een equivalente hoeveelheid 
van een carbonzuur wordt toegevoegd, bleek bij de 
door ons onderzochte verbindingen (hoofdstuk IV] 
te variëren met de aard van het gebruikte carbon-
zuur en met de groep R1 (7a en 7b). 
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0 0 0 о 
Il II .11 , ,11 
R-C-0-C-R • R'-C-CHZR 2 • R^C-OCR^CHR 2 (7a) 
OCR^CHR 2 S X XI XII 
R3-C-0C0R • RC00H 1
 \ 
OCR'-CHR2 \ DCOR 0 
* , I » .11 
IX R'-C-CHzR2 • R^C-OCR'-CHR2 (7b) 
OCOR 
XIII XII 
Naarmate het electronenzuigend karakter van R1 
toenam (Ь. . Р^СНгОСНз of СН2СІ] en de sterkte van 
het gebruikte carbonzuur afnam (b.v. met CH3COOH en 
in mindere mate met HCOOH) werden in toenemende ma­
te carbonzuuranhydride (X), carbonyl verbinding (XI) 
en een alkenylester (XII) als fragmentatieprodukten 
verkregen (7a). In alle andere gevallen werden acy-
lalen (XIII) en alkenylesters (XII) als belangrijk­
ste componenten geïsoleerd (7b). Acylalen van keto-
nen (XIII, R^H) alsook 2-alkenylformiaten (XII, 
R3=H, R1/H) waren nog niet eerder beschreven in de 
literatuur. 
Er is een reaktieschema gegeven, waarmee de 
vorming van de verschillende fragmentatieprodukten 
uit IX en een carbonzuur ver-
DCR =CHR klaard zouden kunnen worden. 
• 3 ρ η / ^1^ Hierin wordt o.a. een nog niet 
η φ \n ρ 
ч ,¿ eerder in de literatuur be-
R1 _> с 0'^  
I schreven trioxenium ion (XIV) 
C H 2 R 2 Π - i . Η- · 
als een intermediair veronder-
XIV 
steld. 
In hoofdstuk VII is de synthese van enkele me-
thyleentrioxaan derivaten beschreven. Dit zijn ge­
schikte verbindingen om de chemische eigenschappen 
van trioxenium ionen te bestuderen omdat deze catio-
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nen in elk geval gevormd worden bij de reakties van 
genoemde trioxaan derivaten met o.a. carbonzuren. 
De voorlopige resultaten van de reakties van enkele 
eenvoudig gesubstitueerde methyleentrioxaan verbin­
dingen met azijnzuur, mierezuur en methanol (in ge­
val van een dimethyleentrioxaan derivaat) tonen aan 
dat de ring in het trioxenium ion zeer gemakkelijk 
opensplitst. 
Van de uit dialkenyloxymethylcarboxylaten 
(IX, R^H, R3 = H) met zuren verkregen ontledingspro-
dukten (7a of 7b) blijken de 2-alkenylformiaten 
(XII, R M H , R3 = H) zeer bruikbaar als selectief for-
mylerende agentia om vrije aminogroepen te blokke­
ren b.v. in de peptidesynthese (hoofdstuk V). Ze re­
ageren onder neutrale omstandigheden gemakkelijk met 
amines (θ), terwijl hydroxygroepen slechts zeer traag 
veresterd worden. 
R-NHR' • H-CO-OCR^CHR 2 ->• R-NR'COH • R 1-CD-CH2R 2 C8) 
In hoofdstuk VI zijn reakties van alkenylaceta-
len, R2-CH(DCR1 = CH2) 2 (XV) "iet carbonzuren beschre­
ven. Deze acetalen werden analoog aan de synthese 
van alkenylorthoesters verkregen door eliminatie van 
waterstofchloride uit de overeenkomstige ß-chlooral-
kylacetalen, R2-CH(OCHR1-CH2CI)2. die zelf weer be-
reid werden uit aldehyden en 0-chlooralkoholen of 
via een alkoholuitwisseling uit een ethylacetaal. De 
gevolgde eliminatieprocedures waren dezelfde als bij 
de 0-chlooralkylorthoesters. 
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Anders dan bij de alkenylorthoesters geven al-
kenylace talen met een equivalent van een carbonzuur 
niet altijd substitutieprodukten [XVII) (9b). Af-
hankelijk van de aard van R1 en R2 kan ook een ad-
ditieprodukt (XVI) als hoofdprodukt ontstaan (9a). 
H 
Rí-C-OCR^CH, 
1 . 
QCRl=CH2 
XV 
RCOOH 
R Z - C - D C R ^ C H J t9a) 
I . 
O-CR^CHs 
I 
OCDR XVI 
H 
-C-DCR 
DCOR 
CH2 • R^CQ-CHs Ob) 
XVII 
Substitutie treedt altijd op als R2 een niet te 
sterk gedesactiveerde arylrest is (R2=2 , 5-Cl2-CgHj 
gaf hoofdzakelijk additie). De substitutiereaktie 
verloopt waarschijnlijk via een carboxonium ion, 
R2-CH-—0CR1=CH2, dat goed gestabiliseerd wordt als 
R2 goede electronendonerende eigenschappen heeft. 
Als R2 een alkylgroep is treedt substitutie op in-
dien R1 een electronenzuigende groep voorstelt. Het 
primair gevormde carboxonium ion (XVIII) zal in dit 
geval juist gedestabiliseerd wor-
den. Is R1 in XV een H-atoom dan 
ontstaat hieruit een additiepro-
R2-CH-0CR1=CH2 
Ó^CRl-СНз 
XVIII dukt (XVI) als hoofdprodukt en 
kan met een tweede equivalent 
carbonzuur zelfs opnieuw additie plaatsvinden. 
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De 1-alkenyloxyalkylcarboxylatan (XVII) reageren 
met een tweede equivalent van een carbonzuur onder 
milde omstandigheden (reaktietemperatuur beneden 
50oC) tot een additieprodukt, t.w. 1,1'-diacyloxy-
ethers (XIX) (10a). Onder drastischer omstandighe­
den (reaktietemperatuur boven ВО С) vindt hoofdza­
kelijk substitutie van de overgebleven alkenyloxy-
groep plaats en worden acylalen (XX) gevormd (10b). 
" 
H 
RZ-C-OCRUCHJ, 
¿COR 
XVII 
- RC00H 
Л-
* RC00H * 
> v 
^ 
H R1 
R2-C-D-C-CH3 
I 1 
RCOQ 0COR 
XIX 
H 
1 
(10a) 
R2-C-0C0R • R^CO-CHa (10b) 
ι 
OCOR 
XX 
Deze invloed van de temperatuur op het reaktiever-
loop maakt begrijpelijk dat de 1,1'-diacyloxyethers 
XIX bij pyrolyse (boven Θ0 C) acylalen (XX) geven. 
Bij hogere temperatuur ontleden pure 1,1'-diacyloxy­
ethers eerst in carbonzuur en de uitgangsstof (XVII) 
(en de isomeer van XVII als R1 een gesubstitueerde 
methylgroep is). In een later stadium ontstaan dan 
acylalen (XX). De snelheid van de thermische omzet­
ting van XIX in XVII is sterk afhankelijk van de 
aard van R1 en deze invloed van R1 of de ontleding 
van XIX verschilt opmerkelijk van die op de vorming 
van XIX. Blijkbaar verloopt de ontleding althans ten 
dele langs een andere weg. Men dient daarbij wel te 
overwegen dat de reaktie-omstandigheden bij de elimi-
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natie sterk verschillen van die bij de additie-
reaktie. In het eerste geval is bij de aanvang 
geen zuur aanwezig, terwijl in het tweede geval 
een hoge zuurconcentratie bestaat. 
De reakties van alkenylacetalen met carbon-
zuren leveren goede preparatieve methoden voor de 
nog onbekende mono- en diadditieprodukten, 1-alke-
nyloxyalkylcarboxylaten (met R 1/H), 1,1'-diacyloxy-
ethers (met R V H , indien R2 = alkyl] en van diformi-
aten van benzaIdehydes (R=H, R2=aryl). 
In hoofdstuk VIII is een beknopt overzicht ge-
geven van de belangrijkste algemene preparatieve me-
thoden die in dit proefschrift beschreven zijn. Bo-
vendien zijn de fysische konstanten van de vele ge-
synthetiseerde verbindingen in dit hoofdstuk verza-
meld . 
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CURRICULUM VITAE 
Na het behalen van mijn diploma HBS-B aan het 
Bisschoppelijk College te Roermond en na het ver­
vullen van mijn militaire dienstplicht werd in 19B4 
begonnen met de studie scheikunde aan de Katholieke 
Universiteit te Nijmegen. Het candidaats-examen (S2) 
werd in september 19Б7 afgelegd, het doctoraal-exa­
men in april 1970 met als hoofdvak organische chemie 
(Prof.Dr. R.J.F. Nivard), de bijvakken physische che­
mie (Prof.Dr. G.A.J. van Os) en biochemie (Prof.Dr. 
H. Bloemendal), en de aantekening voor vakdidaktiek 
(Drs. H.A.M. Verkroost). Hierop aansluitend volgde 
mijn aanstelling tot wetenschappelijk medewerker aan 
de Katholieke Universiteit te Nijmegen, alwaar onder 
leiding van Prof.Dr. R.J.F. Nivard en Dr. J.W. Scheeren 
het in dit proefschrift beschreven onderzoek werd ver­
richt. 
In augustus 1972 is mijn taak en aanstelling als 
wetenschappelijk medewerker tot 70% gereduceerd van­
wege een benoeming als leraar scheikunde aan de Scho­
lengemeenschap St. Ursula te Roermond. In augustus 
1973 werd aldaar een volledige dienstbetrekking aan­
vaard. 
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IV 
Het mislukken van de isolatie van een c-AMP afhankelijk bindingseiwit door 
Wilchek met behulp van affinité its-chromatografie is toe te schrijven aan de 
labiliteit van de ingevoerde 'spacer'. 
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1177(1971) 
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V 
Het gemakkelijker overgaan van sp3 naar sp2 hybridisatie voor een N-atoom 
in een 5-ring vergeleken met een N-atoom in een 6-rmg, verklaart ten dele het 
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buteen in de reaktie met difenylketeen 
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VI 
Het is aan te bevelen bij de molecuulgewichtsbepaling van m-RNA's met 
behulp van polyacrylamidegel-electroforese niet de maximale optische dicht­
heid, maar de maximale biologische ak ti vi te it te gebruiken als maatstaf voor 
de migratiesnelheid. 
H.J. Gould en P.H. Hamlyn, FEBS Letters, 30, 301 (1973) 
VII 
De halogenering van acetalen en orthoesters is nog steeds een niet opgehelder­
de reaktie, die geheel afwijkt van de halogenering van ethers. Het is waar­
schijnlijk daarom dat Sosnovsky de bromering van acetalen verkeerd beschrijft 
omdat hij juist die produkten laat ontstaan die op grond van de beter bekende 
halogenering van ethers zijn te verwachten. 
G. Sosnovsky, Free Radical Reactions in Preparative Organic Chemistry, 
The Macmillan Сотр., New York, pag. 380, 1964 
VIII 
Bij de behandeling van patiënten in psychiatrische inrichtingen dient het 
menswaardige aspect de hoogste prioriteit te hebben. 
IX 
Een jaarlijks bijgewerkt overzicht van de wedstrijdprestaties van dekhengsten 
en hun afstammelingen is zeer gewenst. 
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